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Abstract of Thesis
The origin, morphology and role of human and porcine corpora lutea
are reviewed. Steroid secretion by the glands and the factors
controlling this secretion are also discussed.
An organ culture system for the long term culture of porcine
corpora lutea was initially utilized but was decided to be unsatisfactory.
Subsequently, short term incubations of fragments of luteal tissue were
carried out, and tissue recovered 12 days after ovulation was found to
be responsive to LH and HGG in terms of progesterone synthesis. The
response to LH was suppressed by the presence of testosterone.
Oestradiol production was generally undetectable unless an androgen
precursor was added to the incubations. Glands recovered 6 days after
ovulation although active synthetically in terms of oestradiol and
progesterone were not responsive to exogenous gonadotrophins. Subsequent
measurement of vacant HGG receptors in the porcine luteal tissue revealed
that the tissue recovered 12 days after ovulation possessed vacant
receptors, while all receptors in the day 6 tissue were occupied.
These findings support the hypothesis that after the LH surge
porcine corpora lutea are autonomous for about 10-12 days, and that
until this time no effect can be elicited by luteotrophic or luteolytic
factors. It is only when some of the LH begins to dissociate from its
receptors that exogenous hormones can bind to the receptors and control
progesterone production. Aromatization of testosterone was not affected
either by LH or FSH.
Several enzyme mixtures were tested for their ability to give a
high yield of dissociated porcine luteal cells, and collagenase dispase
found to be the most effective. Dissociated cells showed the same
responsiveness to exogenous hormones as did the tissue fragments.
These dissociated cells were then separated into two populations (large
v
and small cells) using a 1-3% BSA gradient in a 'Sta-Put' sedimentation
chamber. Each cell population was then incubated in the presence of
various hormones, and the large cells found to synthesize by far the
most progesterone. This production was significantly enhanced by
the presence of LH. In contrast, the small cells synthesized much
lower amounts of progesterone but were responsive to LH. In terms of
aromatization of testosterone to oestradiol, the large cells had much
greater synthetic activity than the small cells, and in neither cell
type was aromatization consistently enhanced by LH or FSH. Oestradiol
production was undetectable in the absence of androgen precursor. As
porcine cells were demonstrated to have the capacity for aromatization,
the low oestradiol synthesis by porcine luteal tissue was attributed to
low androgen synthesis and thus to the lack of a suitable precursor.
Ovarian wedge biopsies or dissected corpora lutea, endometria and
peripheral blood samples were obtained from women who were at varying
stages of the menstrual cycle (or ectopic pregnancy) and undergoing
surgery for various gynaecological conditions. Corpora lutea were
dissociated from the ovarian specimens and trimmed free of connective
tissue. The luteal tissue was then used for various incubations.
The concentration of FSH, LH, prolactin, progesterone and oestradiol 173
in peripheral plasma was determined by various specific radioimmunoassays
Incubation of fragments of luteal tissue was used to examine the
effect of various exogenous hormones on steroid production. HCG (LH
and cAMP) were found to stimulate both progesterone and oestradiol
production throughout the luteal phase, and prolactin to usually enhance
this effect of HCG. On the other hand, FSH stimulated only oestradiol
synthesis during the early and mid luteal phases, and did not affect
progesterone production. These results suggest that HCG/LH may not be
the only factor controlling lifespan of the corpus luteum.
Corpora lutea. recovered, during ectopic pregnancy were found to
have low biosynthetic capacity and generally to be unresponsive to
exogenous hormones: it is postulated that their responsiveness may
be determined by circulating HCG levels and duration of the pregnancy.
Receptor measurements demonstrated vacant HCG receptors to be
present throughout the luteal phase and to reach a peak during the
mid luteal phase - however, it was tissue recovered during the early
luteal phase which was found to be most responsive to HCG in vitro.
As for the porcine tissue, various dissociation methods were
carried out on the human luteal tissue, and again collagenase dispase
was found to be the most satisfactory. The cells were then separated
into large and small cell populations in a similar manner to the
porcine cells. Subsequent incubations of these separated cells revealed
that the large cells were the most active in terms of progesterone and
oestradiol production, and aromatization of androstenedione to oestradiol.
Although HCG stimulated both progesterone and oestradiol synthesis, FSH
was not found to consistently stimulate oestradiol synthesis or
aromatization of the androgen. The small cells were synthetically
less active than the large, but they did synthesize significant amounts
of androstenedione.
Finally, a comparison is made between the control of steroid
secretion by porcine and human corpora lutea and the role of each cell






1. Discovery of the functions of the ovary
It was Regnier de Graaf (1672) who provided the first accurate
and detailed descriptions of the preovulatory follicle and the corpus
luteum (CL) and he also suggested that the number of corpora lutea
provided an index of the number of embryos present. By the beginning
of the 19th century the corpus luteum was thought to be scar tissue
formed after ovulation (Prevost and Dumas, 182*0 another ?0 years
passed before Prenant (I898) suggested that the corpus luteum was a
gland of internal secretion releasing its products directly into the
circulation. Considerable debate arose as to the actual time in the
menstrual cycle when ovulation took place, but it was recognised that
one function of the corpus luteum was obviously maintenance of pregnancy
(see review by Short, 1977)• In 1911» Leo Loeb provided convincing
experimental evidence to support an earlier suggestion by Beard (1897)
that the corpus luteum controlled the time of ovulation; Loeb showed
that enucleation of the corpus luteum from ovaries of guinea pigs
hastened the onset of the next oestrus.
The endocrine control of menstruation was a problem which concerned
many researchers during the early part of the 20th century. It was
known that menstruation followed regression of the corpus luteum
(Corner, 1923) but the fact that menstruation in the primate could
occur in the absence of a corpus luteum could not be explained. The
answer was provided when it was shown that menstruation occurred
normally after the regression of the corpus luteum but if no corpus
luteum was present, menstruation could still occur in response to a
declining secretion of oestrogen (Zuckerman, 19375 Hisaw and Greep,
1938).
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In 193^, progesterone was isolated in crystalline form from
luteal tissue and its structure elucidated by k independent groups
(Allen and Wintersteiner, 193^! Butenandt et al. 193^! Hartmannand
Wettstein, 193^5 Slotta et al. 193^0 • By the late 1930s the
principal steroids secreted by the ovary, oestradiol-173 and progesterone
had been isolated, characterized and synthesized.
In 1958, Zander isolated progesterone, 20a-dihydroprogesterone
and 17Q.~hydroxyprogesterone from preovulatory follicles and corpora
lutea of the human ovary. Oestrone was identified in human ovaries
the next year (Zander, 1959)* Since then at least 7 steroids have
been found in higher concentrations in ovarian than in peripheral
venous blood:progesterone and 17d~hydroxyprogesterone (Mikhail, 1967)
dehydroepiandrosterone (Riverola et al. I967) androstenedione and
testosterone (Horton et al. I966) and oestrone and oestradiol-173
(Varangot and Cedard, 1959; Schild, I966).
At the beginning of the 20th century another important era of
research began, and this was the relationship between the ovary and
the anterior pituitary and hypothalamus. This was initiated by
Carmichael and Marshall (1908) who showed that unilateral ovariectomy
led to compensatory hypertrophy of the contralateral gland. A break¬
through occurred in 1927 when Smith demonstrated that rats could be
hypophysectomized, and following these findings Fevold et al. (1931)
described two active fractions prepared from the anterior pituitary,
one of which brought about stimulation of follicle growth: the second
caused the rupture of the follicle and its transformation into a CL.
Accordingly, the two fractions were designated follicle stimulating
hormone (FSH) and luteinizing hormone (LH). Greep, Van Dyke and Chow
(19^2) isolated some purified preparations of FSH and LH and they
discovered that the administration of a highly purified FSH preparation
to hypophysectoidized rats enhanced follicular development, but that
the uterus remained atrophic as in the untreated animals. Thus it
appeared that in the absence of LH, oestrogen secretion did not occur
despite the development of large follicles. These findings provided
convincing evidence to suggest that pituitary hormones acted in
concert (see review by Greep, 1967).
Thus the basic concepts of GL formation and function, and some
guidelines as to the interrelationship between the brain and ovary
became established.
2. Origin and Morphology of the Corpus Luteum
One of the most basic events within the ovary is follicular
growth which, in the human, is a continuous process beginning before
birth and proceeding throughout childhood and adult life, uninterrupted
by pregnancy or other periods of non-ovulation (Peters et al. 1975)-
The formation of new germ cells by mitotic division of oogonia is
completed in the majority of mammalian species examined either just
before or shortly after birth. At this time, the female gonad contains
a finite number of oocytes which are arrested in the dictyate stage of
meiosis and are surrounded by a single layer of granulosa cells
(Baker, 1972). By labelling the granulosa cells with tritiated
thymidine and observing in autoradiographic preparations the timing
of cell divisions, it has been shown that it takes 19 days for a
primordial follicle in the mouse ovary to become a graafian follicle
(Pedersen, 1970)- In women, over 99-9% of the primordial follicles
become atretic, and only ^00 of the original 2 million at birth ever
undergo ovulation (Baker, 1972).
The trigger which initiates the growth of small follicles is
unknown, but in the mouse a number of follicles begin to differentiate
3
every day. The formation of a small growing primary follicle (defined
as a follicle containing a fully grown oocyte, two or more layers of
granulosa cells and a basement lamina) occurs independently of pituitary
gonadotrophins and is subject only to intraovarian controls (Rowlands
and Williams, 19^3; Brambell, 1956; Ross, 197^; Nakano et al. 1975;
Peters et al. 1975)■ Successive mitotic divisions in the primary
follicle give rise to a multilayered granulosa cell lining, separated
from the oocyte by the zona pellucida. The then concentric layers of
'compressed' stromal cells differentiate into theca interna and
theca externa (Harrison, I962). With continued proliferation of the
membrana granulosa a confluent fluid filled space within the follicle
develops which is called the antrum. The follicle is now defined as
a Graafian follicle. Its growth and development is completely
dependent on the pituitary gonadotrophins.
The interactions between LH and F'SH together with the cyclical
changes in plasma concentrations of LH and FSH occurring throughout
the menstrual cycle account for the regulation of follicular growth.
During the first 2-3 days of the menstrual cycle plasma concentrations
of both LH and FSH rise sharply. For the remainder of the follicular
period plasma LH concentrations remain elevated, while plasma FSH
concentrations decline during the mid-late follicular periods due to
negative feedback by oestradiol-173 secreted by the developing follicle
(Midgley and Jaffe, 1968). At the start of the menstrual cycle, inter¬
action of LH with thecal cells stimulates extrafolli cular androgen
and oestradiol-173 secretion, while FSH, by inducing aromatizing
enzymes in the granulosa cells stimulates Intrafollicular production
of oestradiol-173. The combined actions of FSH and oestradiol-173
are responsible for the steady increase in size of the follicle as
it develops thoughout the follicular period, promoting both granulosa
cell proliferation and accumulation of follicular fluid (Goldenberg
et al. 1972).
Despite the declining concentrations of plasma FSH, follicular
fluid concentrations steadily increase as the follicle matures
(McNatty et al. 1975)1 as does the concentration of oestradiol-1781
the concentration of which in preovulatory follicles reaches as high
as 3 -5 lig/ml (Baird and Fraser, 1975; McNatty et al. 1975)- It Is
this accumulation and retention of FSH and oestradiol-173 in follicular
fluid that maintains the growth and maturation of the developing
follicle during the mid-late follicular period when concentrations of
plasma FSH decline. Other follicles emerging from pre-antral growth
during this period of declining concentrations of plasma FSH are unable
to accumulate FSH (McNatty et al. 1976) and have high androgen levels and
low oestradiol levels (McNatty and Baird, 1978), and thus have not
developed an aromatizing system.
High oestradiol concentrations and low androgen concentrations are
indicators of those follicles destined to ovulate (McNatty and Baird,
1978). Studies in laboratory animals indicate that androgens promote
follicular atresia (Payne and Runser, 1958; Louvet et al. 1975)*
It is likely that only those follicles emerging from pre-antral growth
at the time of elevated concentrations of plasma FSH are likely to
accumulate sufficient FSH to induce adequate aromatizing activity in
the granulosa cells. These particular follicles would then have high
oestradiol-178 concentrations, low androgen concentrations (thus
preventing atresia) and proceed to ovulatory maturity.
Thus, only those follicles developing in phase with the cyclical
changes in plasma gonadotrophins will be exposed to the correct
gonadotroph!c environment, elevated concentrations of FSH during the
early follicular phase being required to prevent atresia and promote
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follicular growth and development, until the mid cycle surge of LH
arrests this growth and induces the follicle to ovulate.
Much has recently "been published on tne development of steroid
and gonadotrophin receptors during the maturation of the follicular
cells (see reviews "by Richards and Midgley Jr., 1976; Channing and
Tsafriri,1977; Henderson, 1979; Richards, 1979; Richards, Rao and
Ireland, 1979)* Briefly, a specific nuclear receptor for oestradiol-
173 has "been demonstrated in rat granulosa cells (Richards, 1975) an(i
interaction with this receptor probably mediates the mitotic activity
of oestradiol-173 • A prolonged exposure of several days duration to
FSH and oestradiol-17j3 is also required by human granulosa cells to
synthesize maximum amounts of progesterone in response to LH (McNatty
and Sawers, 1975) ■ In other species it has been found that the
prolonged exposure to FSH and oestradiol-173 is required to induce
the formation of LH receptors on the granulosa cells (Zeleznik et al.
197^; Nimrod et al. 1977)- This accumulation of FSH and oestradiol ITS
results in a steady increase in the number of LH receptors on the
granulosa cells, these reaching a maximum in the pre-ovulatory follicle.
In the absence of FSH and oestradiol-ITS few LH receptors appear on the
granulosa cells and so these cells cannot respond to the ovulatory
surge of LH. Thus, oestradiol has been shown to increase oestradiol
receptors in granulosa cells, FSH to increase FSH receptors in granulosa
cells, and oestradiol and FSH together to increase LH receptors in
granulosa cells (Richards and Midgley, 1976). Thecal tissue has
also been detected to bind LH, and this again is related to the stage
of follicular development (Channing and Kammerman, 197^; Richards,
1979)•
The mid-cycle surge of LH initiates a series of events within
the preovulatory follicle, which culminates in ovulation and corpus
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luteum formation. Oestradiol-173 production is inhibited by this surge
and progesterone production is stimulated (Moor, 197*+; Hillensjo et al.
1976; Landgren et al. 1977)•
The mechanism(s) by which the preovulatory LH surge induces
follicular rupture remains uncertain. Proteolytic enzymes have been
proposed (Espey, 197*+; Rondell, 1972) together with the suggestion
that their synthesis may be regulated by the changes in follicular
steroids occurring just before ovulation (i.e. a fall in androgen
and oestradiol 173 and an increase in progesterone). Prostaglandins
also have an essential role in the mechanism by which LH causes follicular
rupture. Systemic administration of indomethacin, a potent inhibitor
of prostaglandin synthesis blocks both spontaneous and LH induced
ovulation in rats and rabbits (Armstrong and Grinwich, 1972; Grinwich
et al. 1972). Several studies indicate that this block is exerted at
the level of the follicle (Tsafriri et al. 1972, 1973; Armstrong et al.
197*0 • Recent studies suggest that this involvement of prostaglandins
in follicular rupture may depend on their ability to influence smooth
muscle contractility (Amsterdam et al. 1977)• Thus contractions
stimulated by prostaglandins synthesized in response to the ovulatory
surge of LH may contribute to ovum extrusion by providing the final
mechanical disruption necessary to rupture the follicle wall after it
has already been considerably weakened by the action of proteolytic
enzymes.
Changes suggestive of luteinization of the membrana.granulosa
can be demonstrated before rupture of the follicle in women, and these
are almost certainly induced by LH (White et al. 1951; Hertig, 1967;
Delforge et al. 1972). These changes which are termed luteinization
are that the granulosa cells become more hypertrophicd or' hyperplastic,
the appearance of lipid droplets and increase in nuclear size, in the
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cytoplasmic-nuclear ratios, in eosinophilic and. in granularity of the
cytoplasm (Enders, 1962; Guraya, I968; Pedersen and Larsen, I968;
Adams and Hertig, 1969S Gillan et al., 19^9; Crisp et al. 1970;
Balhoni, 1977? Harrison and Weir, 1977). At the ultrastructural
level, the cisternae of the granular endoplasmic reticulum are
gradually replaced "by increasing quantities of tubular smooth-surfaced
reticulum; the mitochondria become more numerous and develop lamellar
cristae and the C^olgi complex becomes enlarged and more widely dispersed.
o
Luteal cells are separated by a space of 2-300 A with occasional long
tight junctions bringing portions of adjacent cell membranes into close
proximity. Hertig (1964-) and others have noted that there is a broad
pericapillary space about the capillaries permeating the human corpus
luteum and the free surface of the luteal cells bears numerous irregular
microvilli. According to Corner (1956) capillaries invade the
granulosa on day 2 (day 1 being the day of ovulation) and reach the
cavity on day k, and so the granulosa cells then have an adequate blood
supply and are no longer cut off by the basement membrane. Fibroblasts
appear in the central cavity on day 5•
Many attempts have been made to differentiate under the light
microscope a human corpus luteum of the cycle from that of pregnancy
(Nelson and Greene, 1958). A corpus luteum of pregnancy may be
distinguished by its greater size and central cavity and also by an
increased amount of vascular and connective tissue. Adams and Hertig
(I969) and Greene et al. (1967) have demonstrated in electron micro¬
scopic studies that massive regression of the corpus luteum in the
later months of pregnancy does not take place, and that luteal cells
at term are capable of steroidogenic secretion.
Whilst there is no doubt as to the origin of the granulosa lutein
cell (from the granulosa cells of the follicle) there remains some
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controversy as to the origin of the paraluteal, that is theca lutein
cells. In the human, there Is no doubt that the theca interna
cells remain as distinct groups of cells about the periphery of the
corpus luteum and the bases of the folds formed in the wall of the
collapsed follicle (Mossman et al. 1964). Mossman and Duke (1973)
believe that the theca interna of ripe follicles degenerate soon after
follicular rupture. They propose that the new theca lutein cells
commonly differentiate from the undifferentiated thecal and stromal
cells immediately adjacent to the CL. Corner (1956) in his study on
the dating of the human corpus luteum is of the opinion that the theca
interna cells of the follicle luteinize and form the paraluteal cells.
This view is also shared by White et al. (1957) and Hertig (1964).
However, despite the controversy as to cellular origin it appears
that at least in some species the corpus luteum consists of two cell
types while in other species it is made up predominantly of granulosa
cells. Mossman and Duke (1973) state that an intermixture of two
distinct types large and small luteal cells occurs throughout the corpora
lutea of hoofed animals. However, Harrison (1948), Savard et al. (I965)
and Hansel et al■ (1973) state that in the cow and sheep theca lutein
cells are barely identifiable. In the case of the sow, Corner (I9I9)
in a very detailed study certainly identifies theca lutein cells, and
puts forward a convincing case for them being derived from the theca
interna. One striking ultrastructural characteristic of the sow
granulosa cell is the formation of whorls of agranular endoplasmic
reticulum, and this is most intense during the period of high progesterone
secretion (Rathmacher and Anderson, 1968).
Various estimations of luteal cell sizes have been made, and in
the human the granulosa cells found to be 15-30 p (Crisp et al. 1970;
Balboni, 1977) and the theca cells to be approximately half the size of
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the granulosa. Corner (1919) measured sow granulosa cells to be 30-^5 .
and theca to be 15-20 >u.
3• Steroid secretion by the corpus luteum
The human corpus luteum is almost unique amongst mammals in
synthesizing and secreting androgens and oestrogens as well as
progestins (Savard et al. 1965; Mikhail, 19?0)via the pathway in Fig. 1.
There has been some controversy as to the cellular origin of
oestradiol secreted by the follicle. Falck (1959) in an elegant
series of experiments involving transplanting of individual cell types
into the anterior chamber of the eye in ovariectomized rats, concluded
that cooperation between the two different cell types (granulosa and
theca) is required in order for oestrogen secretion to occur. However,
Channing (I969) reported that human theca cells cultured in vitro
secreted quantitatively more oestradiol than progesterone, while
granulosa cells secreted more progesterone than oestradiol. Younglai
and Short (1970)> supporting the two-cell type theory proposed earlier
by Short in 1962, reported that granulosa cells have extremely low
desmolase and aromatase activity in vivo, and thus it was unlikely that
these cells had the capacity to secrete significant amounts of andro-
stenedione and oestradiol-173 . This concept of the theca interna cell
prodjJ.(_t-\oo
being the ovarian cell most likely responsible for oestrogenAwas also
held by Steinetz (1973). Greenwald (197^). Richards and Midgley (1976),
hut more recently substantial evidence has been produced that granulosa
cells in the human (Fowler et al. 1977. 1978), mare (Ryan and Short,
1965). Pig (Bjersing and Cartensen, 1967). cow (Lacroix et al. 197^).
a^cL
rabbit(Srickson and Ryan, 1975)A rat (Dorrington et al. 1975) form
significant amounts of oestradiol-173 when exposed to androstenedione
or testosterone, . . This activity is apparently not lost after
10
OH
Figure 1 Steroidogenic pathway ip the human ovary.
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lutein!za/ti on at least in the human, pig and rat since corpora lutea
from these species have been shown oapable of converting androgens
to oestrogens.
Most of the interest in the sow corpus luteum has centred on
the examination of progesterone production by the corpus luteum
(Duncan et al. I96O; Cook et al■ 1967)1 and it was initially stated
that steroidogenesis does not proceed beyond progesterone and its
metabolites (Hansel et al. 1973). despite the report by Corner (1919)
of a substantial ingrowth of theca cells into the sow corpus luteum.
However, closer examination and more sensitive assay techniques
confirmed the ability of the sow CL to convert androgens to oestrogens
(Preumont et al. 19^9> ^.Brinkley and Young, 197&) and to
synthesize oestradiol in vitro (Watson and Leask, 19755 Lemon and Lair,
'
1977).
The enzymatic capacity of the theca cell is not so well documented,
particularly because of the difficulty of obtaining pure cell preparations
which will survive in culture. However, the balance of evidence seems
to indicate that, in contrast to granulosa cells, theca cells have the
capability to produce androgens in significant quantities. This ability
has been observed using theca preparations from rabbits (Younglai, 1973)»
human (Charming, I969), hamsters (Makris and Ryan, 1975) and rats
(Fortune and Armstrong, 1978).
On the other hand, the corpus luteum of the sheep has not been
demonstrated to have the capacity to synthesize oestrogen when
incubated in vitro (Kaltenbach et al. 1967), and in vivo only progesterone
and PO^-dihydroprogesterone are secreted (Short, 19&J-; Baird et al.
1973)• It has been shown that although the secretion of oestradiol
and androstenedione continues throughout the luteal phase, both steroids
originate from the graafian follicle (Baird ejfc al. 1973)- After
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ovulation, the theca interna "becomes much less prominent, and theca
lutein cells are "barely identifiable (Hansel et al. 1973)- Thus it
seems reasonable to attribute the lack of androgen (and thus oestradiol)
synthesis to the lack of theca cells in the corpus luteum.
4. Control of steroid secretion by the corpus luteum
A series of investigations by Savard et al. (I965) on steroidogenesis
by various ovarian preparations focussed attention on the primary
importance of LH in stimulation of steroidogenesis in vitro. These
studies, together with those of Dorrington and her associates
(Dorrington and Kilpatrick, 1967; Dorrington and Baggett, 1969) provided
the foundation upon which the concept was established that LH stimulates
steroidogenesis via cyclic 3'3' monophosphate (cAMP) as a second messenger.
In addition, they indicated that the action of LH was exerted at an
early step (or steps) in the steroid biosynthetic pathway before preg¬
nenolone synthesis, and it was subsequently localized more precisely
as lying between cholesterol and pregnenolone (ichii et al. 1963;
Hall and Koritz, 1964; Armstrong, I968; Hall and Young, 1968; Suli-
movici and Boyd, I969)• Marsh and Savard (1964. I966) found that the
addition of exogenous cyclic AMP to incubating slices of cow corpora
lutea caused a significant stimulation of progesterone synthesis in
terms ofacetate and[pH^cholesterol incorporation. The effect of
LH was not additive to that produced by a maximal amount of cAMP. The
effect of exogenous cAMP on progestin synthesis has been assessed in
luteal tissue of other species as well. Le Maire et al. (1971) reported
a stimulation of progesterone synthesis both in terms of mass and
acetate incorporation in incubating slices of human CL of ectopic
pregnancy. It was also demonstrated that LH and HGG also brought
about a marked increase in cAMP accumulation in human corpora lutea
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measured in terms of mass (Marsh et al. 1966) or in terms of[_ Hjadenine
incorporation into cAMP (Marsh and Le Maire, 1974).
This concept has been confirmed by many subsequent investigators
and dominated thinking to such an extent that little attention was
given for several years to the possibility of actions of gonadotrophins
at steps beyond pregnenolone. The original demonstration by Hollander
and Hollander (1959) of an action of gonadotrophin at the aromatase
level subsequently confirmed by Kaiser (1964) using human ovaries,
received little attention. These experiments, as well as those of
Erickson and Ryan (1975) provided convincing evidence of gonadotrophic
stimulation of oestrogen production at a step beyond pregnenolone in
the biosynthetic pathway.
The first demonstration of the specific stimulation at the
aromatase level by FSH which could not be explained by LH contamination
came, ironically not from studies of ovarian oestrogen biosynthesis,
but from investigations with Sertoli cells of the testes (Dorrington
and Armstrong, 1975)• Various approaches with ovarian models have
been used (Moon et al. 1975; Ryle et al. 1975; Moor, 1977; Fortune
and Armstrong, 1978) and FSH shown to have a stimulatory effect upon
androgen aromatization. Further investigations were then undertaken
to determine the ovarian cell type responsive to FSH stimulation and
several workers have demonstrated FSH to have its effect on the oestrogen
produced by the granulosa cells in the presence of androgen precursor
(Dorrington et al. 1975; Erickson and Hsueh, 1978; Goff et al. 1979)•
All these investigations have resulted in a working hypothesis by
Armstrong and Dorrington (1977) on the cellular and biochemical sites
of action of LH and FSH in the regulation of oestrogen biosynthesis in
ovaries. (Fig. 2) This is, that androgen production by theca cells













Figure 2 Model of the two-cell two-gonadotrophin hypothesis for
the synthesis of follicular oestradiol-173.
This hypothesis was proposed "by Armstrong and Dorrington
(1977)•
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to oestradiol by granulosa cells and stimulated "by FSH.
Although much has "been learnt about the mechanism of control of
steroid synthesis at the cellular level, this still has to be put into
perspective in terms of events occurring in vivo. There are now
numerous descriptive accounts of the changing hormone levels in blood
and urine throughout the menstrual cycle, but it is still not really
understood which factors are responsible for the maintenance of the
corpus luteum in women. A variety of factors appear to be involved
in the maintenance of the CL in different mammalian species (see review
by Nalbandov, 1970), but there is increasing evidence that in most
species pituitary luteinizing hormone (LH) is a prerequisite for normal
function. In fact, Vande Wiele et al. (1970) have demonstrated that in
hypophysectomized women the corpus luteum can be maintained by LH alone
and Hanson et al. (1971) that administration of HOG or LH lengthens
the time between menses and stimulates progesterone production.
However, this does not rule out the possibility that other pituitary
gonadotroph!ns (prolactin and FSH) may at least play a permissive role
in CL maintenance.
It is somewhat surprising to find that we still do not know why
the human corpus luteum regresses during a non fertile menstrual cycle
(see reviews by Short, 1972; Coutts, 1976), and it is not conclusively
known whether there is a luteolytic substance or indeed how it might act.
To have control over the life span of the corpus luteum is of consider¬
able interest since it opens up new possibilities of fertility control.
It has been suggested that the luteolytic substance in women may
well be prostaglandin Fga. (PG F2a) (Powell et al. 197^) a-nd that it is
produced locally within the corpus luteum rather than in the uterus
as is the case in the ewe (Wiltbank and Casida, 1956; Goding, 197^)
and pig (Diehl and Day, 197^5 Gleeson et al. 197^; Hallford et al. 197^+i
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Moeljono et al. 1976). There is convincing evidence to suggest that
the luteolytic substance in women does not originate from the uterus
or other vOullerian duct tissue, since hysterectomy or the congenital
absence of uterus, fallopian tubes and vagina does not prolong the life
of the corpus luteum (Whitelaw, 1958; Brown et al. 1959; Beavis et al.
1969; Beling et al. 1970; Doyle et al. 1971; Fraser et al. 1973)*
Attempts to induce luteolysis in women by intravenous injection of PG F^
have been unsuccessful (jewelewicz, 1972) and PG ^2a was f°un(^ to stimulate
progesterone production in in vitro incubation studies (Santos and Hermier,
1973). However, production of progesterone by human granulosa cells
in culture is inhibited by PG F£a (McNatty, Henderson and Sawers, 1975;
Henderson and McNatty, 1975; Henderson et al. 1977; Henderson and
McNatty, 1977)1 but it must be remembered that although these cells
become semi-lutein!zed during the culture period and produce elevated
levels of progesterone they are not true luteal cells. Henderson et al.
(1977) propose that in non-primate species PG ^20. initiates luteal
regression by inhibiting LH activation of adenylate cyclase, thereby
reducing intracellular levels of cAMP which in turn leads to reduced
progesterone production. They also suggest that HGG may prevent luteal
regression by interacting with vacant luteal LH receptors, and by a
'see-saw* type of interaction prevent PG F^x from interacting with its
luteal receptors. Any inhibition of progesterone production is thereby
prevented. It has also been suggested that oestradiol-173 may also be
involved in luteolysis, and this was initiated by Hoffman (i960) when he
showed that the implantation of small doses of oestradiol into the ovary
containing the corpus luteum caused a dramatic reduction in the duration
of the menstrual cycle of women. Similar findings in women have
subsequently been reported by Gore et al.(1973)> Vahapassi and Adlercreutz
(1975) and Garner and Armstrong (1977)> as well as in the rhesus monkey
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(Karsch et al. 1973; Karsch and Sutton, 1976; Aulettaet al■ 1976).
The luteolytic action of oestradiol-173 is possibly mediated by
stimulating intra-ovarian production of PG (Auletta et al. 1976,
1978). A specific receptor for PG Fga has also been shown to be
present in the human corpus luteum (Powell et al. 197^-) • If may also
be significant that in their study of the steroid and prostaglandin
content of GL throughout the luteal phase, Swanston et al. (1977)
detected no significant increase in PG Fbut while progesterone
content was maximal in the early luteal phase, oestradiol was not so
until the mid luteal phase. Williams et al. (1979) have been the first
to demonstrate a direct inhibitory effect of oestradiol on HGG
stimulation of progesterone production by human luteal cells in vitro.
In the case of the pig the control of the luteal phase is better
understood, due probably to easier experimental conditions for the sow,
without the inherent ethical problems of researching on humans.
Several reviews have been published on the control of the oestrous cycle
in sows (Anderson, I966; Anderson and Melampy, 1967; Denamur, I9685
Anderson et al. I969; Hansel and Eehternkamp, 1972; Hansel et al. 1973).
Ovulation and corpus luteum formation occurs in sows hypophysectomized
early in oestrus, and presumably these hypophysectomies were carried out
after the preovulatory LH release had occurred. The newly formed
corpora lutea were then maintained for the approximate length of one
O
oesti^is cycle, suggesting that a single release of ovulatory amounts of
LH or other events which had occurred by that time, were capable of
maintaining the corpora lutea for the duration of one cycle. In keeping
with this concept, Spies et al. (1967) "were able to cause corpus luteum
regression and complete loss of embryos by administration of anti-ovine
LH serum to pregnant gilts, but were unable to cause a significant
reduction in corpus luteum weights or luteal progesterone concentrations
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in non pregnant gilts treated with the same antiserum on days 7-11
inclusive of the oestrous cycle. Various gonadotroph!c preparations
have been shown to be effective in maintaining CL in hypophysectomized
animals beyond 10 days, but none of these preparations was effective
when the uterus remained in situ (Anderson, I966). This autonomous
CL is not found in the sheep, and sheep hypophysectomized immediately
after ovulation do not form CL (Kaltenbach et al. 1968).
The effects of hysterectomy in the sow have been extensively
reviewed (Bland and Donovan, I966; Melampy and Anderson, I968;
Anderson et al. 1970) and it has been demonstrated that after hysterectomy
the cycle length can be longer than 140 days (du Mesnil du Buisson and
Dauzier, 1959; Spies et al. I96O; Anderson et al. 1961, 1963)• This
led to the obvious conclusion that the luteolysis was produced by the
uterus, and this substance has subsequently been demonstrated to be PG
(Diehl and Day, 197^+i Gleeson et al. 197^5 Hallford et al. 197^5
Moeljono et al. 1976). In vivo, CL have been found to be refractory
to administration of PG F^ until approximately 12 days after ovulation
(Diehl and Day, 197^5 Hallford et al. 1975» Lindloff et al. 1976) and
this is likely to be because the CL is autonomous for at least the first
10 days, then LH presumably remains bound until that time. It is only
after this time when some of the LH receptor sites become vacant that
PG F^ can begin to modify the LH receptor.
Oestrogens have been shown to be luteotrophic in the sow (Kidder
et al. 1955; Gardner et al. 1963; Garbers and First, 1969; Chakraborty
et al ■ 1972; Kraeling et al. 1975) an(l this effect is apparently not the
result of a direct effect on the ovary, but by increasing pituitary LH
and FSH activity (Chakraborty et al. 1972) and has no effect on hypo¬
physial stalk transected gilts (Anderson et al. 1967).
Preimplantation pig embryos have been shown to be active in oestrogen
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Mosynthesis (Perry et al. 1976; Heap et al. 1977)> the trophoblastic
tissue can produce this steroid by day 12. Oestrone appears to be
sulphated by the endometrium, but the probable target tissues
(hypothalamus, pituitary and corpus luteum) all have active sulphatases
which can regenerate free steroid.
The CL of pregnancy in the human however is maintained by HGG
which is secreted directly from the blastocyst at the time of initiation
of implantation (Kosasa et al. 1973; Mishell et al. 197^) which has been
described to be 7-8 days after presumed ovulation (Hertig, 1968; Hertig
and Rock, 1972). Using specific assay, HGG has been detected in
peripheral blood samples as early as 9 days after the presumed time of
ovulation (Kosasa et al. 1973; Kosasa et al. 197^-J Catt et al. 1975)-
Strong evidence suggests that placental HGG secretion maintains the
corpus luteum during the first 6-8 weeks of pregnancy (Yoshimi et al.
1969) and indeed if the GL is removed at any time during the first
6 weeks of pregnancy, abortion ensues (Hall, 1955; Tulsky and Koff,
1957)■
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Aims of the present study
1. To develop an in vitro method to study steroidogenesis by human
and porcine corpora lutea.
2. To examine the responsiveness of human and porcine corpora lutea
throughout the luteal phase to pituitary gonadotrophins in
terms of progesterone and oestradiol synthesis.
3. To investigate the availability of HCG receptors in both species.
To develop a method of enzymatically dissociating the cells of the
corpus luteum so that both cell yield and viability are high,
and these cells are still responsive to exogenous hormones.
5. To separate these cells into two different populations, and
subsequently study the steroidogenic capacity and responsiveness
of each cell type.
It was hoped that the results of these studies could be integrated
to provide new information on the control of steroid secretion by the




RADIOIMMUNOASSAY OF STEROID HORMONES
Radioimmunoassay of Steroid Hormones
Progesterone Radioimmunoassay
Progesterone in culture medium and tissue homogenates was
measured using modifications of published radioimmunoassay techniques
(Thorneycroft and Stone, 1972; Scaramuzzi, Corker, Young and Baird,
1975)•
1. Solvents and Reagents
The assay buffer, phosphate buffered saline 0.1 M, 0.1%
gelatin, pH 7*0 was prepared by dissolving sodium dihydrogen phosphate
(5-38 g), disodium hydrogen phosphate (8.67 g)» sodium chloride (9-00 g)
(all BDH, Analar grade) and gelatin (l.O g) (BDH) in one litre of
distilled water. Sodium azide (0.1 % v/v) was added to the buffer as
a preservative. Norit A charcoal (250 mg) and dextran T-70 (25 mg)
(Sigma Chemical Co.) per 100 ml of assay buffer (d/c) was prepared as a
fresh suspension just prior to use.
2. Steroids
Non radioactive steroids (Sigma Chemical Co.) were dissolved in
ethanol and stored at A°C at a concentration of 1 mg/ml. Radioactive
progesterone [l, 2, 6, 7~ hJ (The Radiochemical Centre, Amersham) was
diluted to a concentration of 25 uCi/ml in ethanol (Aretar grade) for
storage at ^-°C.
3. Materials
Disposable glass test tubes and pipette tips were used throughout
the assay. The counting fluid used was prepared by dissolving 10 g of
2,5 diphenyloxazole (PP0) and 0.75g of p-bis (2-(2-phenyloxazoly))-
benzene (P0P0P) in 2.5 litres of toluene (analytical grade, Koch-Light)
to which was then added 1.25 litres of Triton X -100 (analytical grade,
Koch-Light) and. mixed thoroughly until a homogeneous solution was
obtained. Glass counting vials were of the low background type
(Packard Instrument Company).
4. Progesterone Antiserum
The antiserum to progesterone was raised in a sheep against the
progesterone-lla hemisuccinate-bovine serum albumin conjugate. The
dilution of antiserum (l/25»000 v/v was that which bound 40-50% of
5. Extraction of Progesterone from Culture Fluid
Aliquots of culture fluid (0.1-0.5 ml) were pipetted into 125 x 15 mm
glass test tubes. The extraction was carried out by vigorous mechanical
('Vortex') mixing of the plasma with 2 ml of petroleum ether for 2 min.
After clear separation of the two phases, the lower phase (culture fluid)
was quick-frozen by dipping in alcohol containing chips of dry ice.
The petroleum ether was then decanted into a 75 x 9 mm test tube and
evaporated to dryness on a hot plate at 60°C. Recovery was estimated
by adding 1000 cpm to each tube before extraction and counting an
aliquot after extraction. Recovery was usually in the order of 80%.
However, with the exception of the validation procedures all culture
fluid and tissue homogenates were assayed directly without prior
extraction.
6. Radioimmunoassay
The dried residue from the culture fluid extraction was redissolved
in 0.1-0.5 ml buffer and if necessary further diluted by 1:10 or 1:100
for assay. In most cases a straight aliquot of 0.1 ml of culture fluid
of tissue homogenate was measured. To replicate aliquots (0.1 ml) of
the samples to be assayed, 0.1 ml of diluted antiserum (l/25i000 v/v) in
buffer was added to each tube and mixed, followed by 0.1 ml of buffer
6, (Fig. 3).
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Figure 3 Effect, of antibody dilution on the amount of [l ,2 ,6,7 »~
progesterone hound. Each point is the mean 1 sem of
triplicate incubations.
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containing 10,000 cpm of [l, 2, 6, 7-"^hJprogesterone and further mixing.
A standard curve was constructed for each assay "by pipetting (with a
Hamilton Syringe) two solutions of progesterone (2 and 25 ng/ml)
stored in ethanol at 4°C so that a series of tuhes contained known
amounts of progesterone, each in triplicate and ranging from 5 "to 2500 pg.
The incubation volume for the standard curve assay tubes after the
addition of antiserum (0.1 ml) and radioactive progesterone (0.1 ml)
was kept the same as the unknowns, hy adding further amounts if
necessary, so that the final volume in each tube was 0.3 ml. Three
tubes were used to measure the total counts added (total count tubes:TC)
and dextran charcoal solution was later added to another 3 to measure the
amount of radioactivity which was non-specifically bound by the buffer
(non specific binding tubes:NSB). A further 3 tubes contained tracer
(0.1 ml) antiserum (0.1 ml) and buffer (0.1 ml) so that the total binding
ofpHjprogesterone by the antiserum could be measured (total bound tubes:
TB) . After incubation at 4°C overnight, 1 ml of d/c suspension at 4°C
was added to the tubes, which were then 'vortex' mixed, incubated at
4°C for 2 min and centrifuged (2500 rpm) for 10 min at 4°C. The
supernatant was immediately decanted into counting vials, 8 ml of
scintillation fluid was then added, and the contents mixed and counted
for 10 min in a Packard Scintillation Counter.
7. Calculations
The concentration of progesterone in aliquots of the unknown
samples was calculated by interpolation on the standard curve.
8. Effect of Time of Incubation
No significant alteration in binding was observed after 6 h
incubation at 4°C (Fig. 4). However, overnight incubations of
14-20 h were chosen for convenience.
25
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Figure 4 Effect of time on the binding of [1,2,6,7 -^h]progesterone
to progesterone antiserum. Each point is the mean 1 sem
of 6 replicate incubations.
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9 • Sensitivity
For the standard, curve the % (cpm) of hound progesterone was plotted
against the logarithm of the dose of progesterone added (Fig. 5)* The
cpm bound when unlabelled progesterone was not added was defined as
100^. The sensitivity of the assay was 25 pg.
10. Stripping
This was evaluated by comparing the % of radioactive progesterone
remaining in the supernatant (% bd) with the delay in time between
addition of the d/c mixture and centrifugation (Fig. 6). Thus, 250 mg
charcoal and 25 mg dextran/lOO ml mixture was suitable for the separation
of the 'bound' and 'free' progesterone provided that the time delay
between addition of the d/C and centrifugation was less than 3 min.
An incubation of a longer period e.g. 15 min, by which time the rate of
stripping was reduced, would have meant a decline of up to ^Ofo of bound
progesterone.
11. Specificity
The specificity of an assay system relates to the ability of the
antiserum to respond only to the compound which the assay is intended
to quantify. A large number of CpQ> Cqn and Gpq steroids were tested
for their ability to displace the radioactive progesterone from the
antiserum (Table l) . The cross reactions are expressed as a percentage
after dividing the mass of unlabelled progesterone displacing 50% of the
radioactive progesterone by the mass of unlabelled steroid displacing
5C$ of the radioactive progesterone. The cross-reaction of progesterone
was taken as 100%, The available evidence suggests that CL contain and
secrete predominantly progesterone and pregnenolone, but little if any of
the potentially cross reacting steroids. Since pregnenolone has only
a low cross reaction with the antiserum which was used, the radioimmuno-
27
pg progesterone
Figure 5 Standard curve for progesterone. Each point is the
mean 1 sem of triplicate incubations.
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Figure 6 Effect of 'stripping' with dextran charcoal.
Triangles represent 100 mg, solid circles 150 mg and
open circles 250 mg charcoal. The blank values
represent the amount of radioactivity remaining in
the supernatants after dextran charcoal treatment of
assay tubes which contained tracer and buffer but no
antiserum. 0 refers to the amount of radioactivity
remaining in the supernatants of those tubes which
contained tracer and antibody. Each point is the
mean of duplicate incubations.
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assay of unexrtracted aliquots of culture medium is probably specific
for progesterone.
of the sample. A 20 x 0.9 cm Sephadex LH-20 column was prepared
using chloroform:heptane:ethanol (50:50:0.25 v/v) mixture as solvent.
An aliquot of radioactive progesterone in an ethanol solution
was evaporated to dryness, redissolved in chromatographic solvent and
transferred to the top of the previously washed Sephadex column.
One ml elutates were collected directly into liquid scintillation vials
and evaporated to dryness. The dried residue was redissolved in
scintillant and the amount of radioactivity in each vial determined.
An elution profile for radioactive progesterone is shown in Fig. 7>
and the isotope shown to he at least 92% pure.
13• Precision
The within-assay precision for the assay of progesterone was
evaluated hy duplicate measurements of the same samples in the same
assay. The coefficient of variation (CV) of the results of duplicate
determinations from their means was estimated hy the following
formula (Snedecor, 1946) .
_ highest value in each duplicate n
Wrl6J- O 0C * -i ri -i • I mm J. X -LUU
lower value of same duplicate
n = no. of duplicate determinations
From duplicate determinations of progesterone in culture medium
containing 20/0 calf serum (n = 24) the GV was 7*9%«»
The between assay variance was evaluated hy triplicate measurements
of the same sample in every assay (quality control). The CV in 40 assays




Figure 7 Elution profile of radioactive progesterone.
Progesterone was eluted through a sephadex LH-20
vcolumn (20 x 0.9 cm) using chloroform:heptane:
e-thanol (50:50:0.25 v:v:v) mixture as solvent.
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of culture fluid containing 20% calf serum was 14.8%.
14. Validation of the Assay for Culture Medium
A proportion of progesterone assays of culture media were measured
in the presence of 20% calf serum (v/v) and were estimated without prior
extraction of the media. The accuracy of the assay was determined by
the addition of known amounts of progesterone to a pool of culture
medium plus serum so that the final concentrations were 50, 100, 200,
400 and 1000 pg/0.1 ml. The results of assays of these samples
(carried out in triplicate) is shown in Fig. 8. The calculated linear
regression equation is
Y = 1.15 X - 14-97 (r = 0.999^)
where X = concentration of progesterone added to the medium
and Y = estimated value by the assay.
A comparison of assays for extracted and non extracted medium
plus 20% calf serum is shown in Fig. 9* These assays were carried
out on extracted and non extracted media after the addition of known
amounts of progesterone, the calculated linear regression equation is
Y = 1.12X - 15.90 (r = 0.9984)
where X = the concentration of progesterone in unextracted
medium and Y = the value obtained after extraction (n = 15)•
Another comparison was made between results obtained from culture
media with and without serum in Table 2.
All the above results indicate that the assay of culture fluid
alone or culture fluid plus 20% calf serum without prior extraction
is acceptable.
15. Validation of the Assay for Tissue Extractions
Progesterone was measured in absolute alcohol extracted homogenates
of luteal tissue. The final volume was generally 10 ml and so an aliquot
33
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pg progesierone recovered
Figure 8 Accuracy of the direct progesterone assay of culture
fluid plus 20% calf serum (v/v) plus known amounts of
progesterone. Each point is the mean - sem of
triplicate determinations.
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pg progesterone unextracted
Figure 9 A comparison of progesterone measurements for culture




Comparison of the results of radioimmunoassay for










50 55 1 4 51-4 59-3
100 109 - 5 109 - 6 116 - 6
200 215 - 12 207 - 9 223 - 8
4-00 418 - 26 44-0 - 23 42? - 17
1000 1141 - 55 1158 - 10? 1300 ^ 39
Each result is the mean - SEM of 5 determinations.
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of 0.1 ml or less was used for the assay. A comparison was carried out
on a range of samples measured at 0.2 and 0.1 ml between drying down the
alcohol aliquot, redissolving in 0.1 ml phosphate buffer and assaying
directly, and redissolving the alcohol aliquot in buffer and extracting
with petroleum ether (calculating for recovery) and then assaying.
The results are shown in Fig. 10. The calculated linear regression
equation is
Y = 1.18 X - 0.15 (r = 0.9883)
where X = concentration of progesterone in the unextracted
homogenate
Y = value obtained after extraction (n = 18).
These results again show that it is acceptable to measure the
tissue extract without subsequent extraction with petroleum ether.
Oestradiol Radioimmunoassay
Antiserum for the assay of oestradiol-17(3 was raised in a goat to
the carboxymethyloxime derivative of
a conjugate of\oestradiol-6-keto and bovine serum albumin. Cross
reactions of other steroids in the routine assay procedures were:
oestradiol—17a, 1%; oestrone, 5%» oestriol < 0.001%; androstenedione,
0.6%; testosterone, 0.9%; progesterone, 0.7%; Cortisol,0.001%.
The antiserum was used at a dilution of 1:10,000 and the minimum
detectable amount of oestradiol was 5 pg* The method used was as
follows.
A standard curve was constructed by pipetting out various volumes
of oestradiol 173 in ethanol, the curve (in triplicate) ranging from 5 "to
4-00 pg. A typical standard curve is illustrated in Fig. 11. Appropriate
aliquots of culture media or tissue homogenate were pipetted out and the
tissue extracts dried down and redissolved in phosphate buffer. To
each tube was added 0.1 ml of [pli]oestradiol-173 (5 >000 cpm) and 0.1 ml
of 1:10,000 antibody. Total count tubes, non specific binding and total
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unextracted progesterone ng/ml
Figure 10 A comparison of progesterone measurements for tissue
homogenates extracted with petroleum ether and
unextracted.
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Figure 11 A standard curve for oestradiol. Each point is the
mean t sem of triplicate measurements.
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"bound tubes were all prepared as described for the progesterone assay.
The assay was incubated overnight at 4°C and 1 ml of the D/c
solution (as for progesterone) was added to all tubes except TC, while
the suspension and tubes were kept at 4°C. The TG tubes received 1 ml
of buffer. Tubes were centrifuged (2500 rpm, lOmSn.) within 3raim. of
commencing the addition of the D/c, the d/c being added to all the tubes
within 1 min. The supernatant was immediately decanted into counting
vials. Following the addition of 8 ml of scintillation fluid, the vials
were counted for 10 min at 4°C in a Packard Scintillation Counter.
The concentration of progesterone in the aliquots of the unknowns
was calculated by plotting the standard on logarithmic graph paper and
extrapolating the values of the unknowns.
The within assay variation (n = 24) was 5-^% and the inter assay
variation (n = 20) 14.9%.
The assay was validated both for direct measurement of oestradiol
in culture fluid and for tissue extracts (again as for progesterone).
For culture fluid, a comparison was made between known amount of oestradiol
added to the culture fluid and amount detected by the assay (Fig. 12).
The calculated linear regression equation is Y = 0.93 X + 4.91 (r = 0.9990)
where X = amount added to the media
Y = estimated value by the assay.
A comparison of measurements of extracted and non extracted
culture fluids produced the graph in Fig. 13 and gave the linear equation
Y = 1.01 X+ 9.72 (r = 0.9779).
where X = value of oestradiol in the unextracted media
Y = estimated value by the assay.
The results indicate that, as for progesterone, the levels of




Figure 12 Accuracy of the direct oestradiol assay of culture fluid
plus known amounts of oestradiol. Each point is the
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pg oesiradiol exiraded
Figure 13 A comparison of oestradiol measurements for unextracted
culture medium and culture medium extracted with
petroleum ether.
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Measurements of extracted and unextracted tissue homogenates
produced the results in Fig. 14 and the calculated linear regression
equation is Y •= 0.84- X+ 8.73 (r = 0.9526)
where X = value in unextracted homogenate
Y = extracted homogenate. ( n = 16)
These results again indicate that assays can he carried out
directly on the homogenized tissue extract without further purification.
Androstenedione Radioimmunoassay
Antiserum for the assay of androstenedione was raised in rabhits
immunized with llot-hydroxy-4—androstene-3,17-dione hemisuccinate coupled
to BSA. Gross reactions of other steroids in the assay were:
androsterone, 20%\ epitestosterone and 5ct-dihydrotestosterone, 2.2%;
oestradiol, oestrone, testosterone and progesterone all < 1.85%.
The assay for androstenedione in culture fluid was based on the
method described by McNatty, Baird, Bolton, Chambers, Corker and
McLean (1976) except that samples were assayed after extraction with
hexane/ether 4-/l, and the column chromatography step was unnecessary.
The antiserum was used at a dilution of 1:8,000, and minimum
detectable level of androstenedione was 10 pg.
4-3
pg oestradiol extracted
Figure 14 A comparison of oestradiol measurements for tissue
homogenates extracted with petroleum ether and unextracted.
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CHAPTER 3
ORGAN CULTURE OF INTACT PORCINE CORPORA LUTEA
Part 1
Organ Culture of Intact Porcine Corpora Lutea
Introduction
Extensive studies have "been carried out "both in vivo and in vitro
to elucidate the control of steroid production by the corpus luteum
(see general introduction).
One of the major limitations of the in vivo data is that it is
difficult to analyse the precise effects of exogenous hormones on the
corpus luteum in the presence of other endocrine organs with their
endogenous trophic hormones and secretory products. Also, it is
conceivable that the corpus luteum interacts with other compartments of
the ovary (Moor and Walters, 1979)> and thus if the factors regulating
the life-span of the CL, and its secretion of steroid hormones are to be
fully elucidated, the tissue needs to be studied in isolation from other
endocrine glands.
Approaches to in vitro studies have been many and varied. These
include 'short term' incubations (2-^ h) of luteal homogenates (Ryan,
1963)i slices (Cook, Kaltenbach, Norton and Nalbandov, 1967; Duncan,
Bowerman, Hearn and Melampy, I96O; Hammerstein, Rice and Savard, 196^;
Seifart and Hansel, 1968), minces (Moody and Hansel, 1969? Preumont,
Cooke and Ryan, 1969 ) an(^ "superfusion" of luteal slices (Watson and
Leask, 1975)* 'Long term' cultures (3-5 lays) mostly consist of
granulosa cells, luteinized in vitro.which can be grown as a monolayer
for several days. The cells from preovulatory follicles luteinize
spontaneously when placed in culture, and the cells from the smaller
follicles are induced to do so by treatment with gonadotrophins
(Channing, 1972, 197^; Channing and Ledwitz-Rigby, 197^-) • Much
information has been obtained from these long term studies about the
factors involved in luteinization, subsequent steroid secretion by the
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luteinized cells, and their response to various hormones (Channing, 1969>
1970; Channing and Hammerman, 1973; McNatty and Sawers, 1975;
Henderson and McNatty, 1975)- The contribution to knowledge from
work with granulosa cells has been extensive, but nevertheless the
system has some drawbacks.
The major criticism must be that granulosa cells 'luteinized'
in vitro may not truly be comparable to cells which have been luteinized
in vivo, in the presence of a plentiful blood supply. More recently
however, attention has been turned to the use of luteal cells which have
been dissociated from the corpus luteum by a variety of enzyme treatments
(Gospodarowicz and Gospodarowicz, 1972; Stouffer, Nixon, Gulyas, Johnson
and Hodgen, 1976; Simmons, Caffrey, Phillips, Abel and Niswender, 1976).
These cell incubations have all been carried out for short periods since
cell viability and steroid output has been reported to decline after
several hours in vitro. Long term monolayer cultures of luteal cells
confirm this finding of declining steroid output and non-responsiveness
to hormones, although the number of cells in the monolayer does not
decrease and in some cases, increases (Stoklosowa and Stadnicka, 1973;
Henderson, 1977. 1979 and Stoklosowa, personal communication).
Taking all of the above in vitro methods into consideration, there
is still clearly a great need for a technique which permits long term
in vitro studies of luteal tissue. Long term studies are vital to allow
the tissue to come to equilibrium with its environment, to study the
long term effects of hormone additions on steroid output and morphology,
and the effect of subsequent removal of the test hormone. Long term
culture would also be an ideal way to observe possible interactions
between one compartment of the ovary and another, observing any changes
caused by one part of the ovary on the morphology, receptor population
or secretion of another.
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To this end, an organ culture system was developed which was
thought to "be an answer to the problem of long term culture. An intact
human corpus luteum, under certain conditions appeared to retain viable
luteal cells for up to five days in vitro and furthermore the progesterone,
and in most cases oestradiol levels in the culture medium could be
modified at any time by the addition of exogenous hormones - HGG and HMG
(Biggs and Baker, 1978). This method has numerous advantages over the
previous in vitro systems described above. Firstly, no disruption of the
cells or receptors is required as compared to slicing, mincing or enzymatic
dissociation and all cellular contacts remain intact. The different
cell types (granulosa, theca) are present in the same ratio and
distribution as in vivo and the tissue has been fully luteinized in vivo
and not partly or wholly 'luteinized' in vitro. Also, five days in
culture is approaching an adequate length of time to study the various
hormonal interactions and steroid output. The development of such a
culture method was thought to have great potential for the study of the
corpus luteum.
Thus it was decided to use this exciting new method to elucidate
the factors which control the lifespan and steroid output of the porcine
corpus luteum. Previous reports of the porcine CL in vitro have been
confirmed mainly to short term incubations (Duncan et al. I96O5 Cook
et al. 1967) and the results found to be at variance with each other,
as to whether the steroid output can be influenced by exogenous hormones
or not. The pig is an ideal animal to use for this type of study, since
unlike the human, sheep or cow which usually produce only one corpus
luteum per cycle, the pig can have as many as 20 CL per cycle, their
average diameter (when fully developed) being approximately 1 centimetre,
and their weight around 500 mg. These measurements are similar to or
less than those of the human CL which were cultured (Biggs and Baker, 1978).
It was anticipated, that the organ culture system could "be easily adapted
for other species.
Since each CL is cultured intact, the large number of glands
produced "by the pig enable replicates and controls of GL of the same
stage of the cycle to be studied. The lack of controls or replicates
is a major limitation in studies of intact human CL.
Thus this potentially useful technique was utilized to elucidate
the control of steroid secretion by the porcine CL, possible luteotrophic
and luteolytic effects of exogenous hormones or other compartments of
the ovary, and any changes in steroid output or hormone responsiveness
by the CL throughout the cycle.
MATERIALS AND METHODS
Collection of Ovaries
Ovaries from sexually mature pigs were obtained from the slaughter¬
house immediately after the death of the animals, and were transported to
the culture laboratory in Dewar flasks containing Eagle's minimum essential
medium (EMEM) with Earle's salts and Hepes buffer (Flow laboratories) plus
antibiotics at ^°C. The slaughterhouse was found to be a potential
source of contamination, and various combinations of antibiotics were
used to eliminate the bacteria. Gentamycin (200 ^ug/ml) (Flow labs)
plus Fungizone (18 pig/ml) was found to be effective, and so was used in
all subsequent media both for transport and for culture. The exact
stage of the oestrous cycle of certain of the animals was known, since
these animals had been sent for slaughter from the University Pig Farm,
where oestrus had been checked by observing whether the female showed
lordosis in the presence of a boar.
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Technique for Organ Culture
In the culture laboratory, the individual CL were dissected from
the ovaries and the age of each set of GL estimated "by gross morphology
(Akins and Morrissette, 1968) , presence and size of central "blood clot,
sign of ovulatory stigmata and size of accompanying follicles (Watson
and Leask, 1975) • By this method GL were divided into three categories:-
early luteal phase (days 1-6),
mid luteal phase (days 7-13) and
late luteal phase (days 1^-16).
However some difficulty was encountered when distinguishing between GL
in the mid luteal and late luteal phase.
At least one GL per ovary was fixed in Bouin's fluid immediately
after dissection to compare subsequently with the histology of the
cultured GL. The remaining GL from a particular ovary (or pair of
ovaries) were measured on a millimeter grid scale before being set up
for culture using the method of Biggs and Baker (1978) which is a
modification of the method used by Baker, Hunter and Neal (1975) for
maintenance of porcine Graafian follicles in culture. Each GL was
supported by lens tissue on a stainless steel grid, and a second piece
of lens tissue was draped over the GL to ensure that the entire surface
of the GL was wetted with medium (Fig. 15)* These grids were placed
in 5 cm plastic petri dishes containing ^ ml of Eagles minimum essential
medium (with Earle's Salts and Hepes buffer), and supplemented with 20%
v/v donor calf serum or swine serum (Flow labs), and antibiotics (see
above).
Racks of four of these dishes (each containing a single GL) were
then placed in modified 'Kilner' preserving jars (Fig. 15) (Baker and
Neal, 1969) which were gassed with 5% GO^> 38% Ng and 57% 0^» and











Figure 15 Diagrammatic representation of the "Kilner jar" culture
apparatus. Note that 4 petri dishes are supported
■within one jar.
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experiment when pressures of 5i 7-5 and 10 lb/in^ were used. Some
of the cultures also received insulin (Sigma Ltd.) in the nutrient
fluid at a concentration of 5& jog/ml.
The average time "between slaughter and the CL "being placed in
the incubator was two to three hours. Every twenty four hours the
culture fluid was removed and stored at -20°G for radioimmunoassay (see
below) and was replaced with fresh medium (see above).
Addition of Pituitary and Prostaglandin Preparations
Slaughterhouse Ovaries
Hormones were added to the cultures in varying concentrations to
try to construct dose-response curves.
Prostaglandins Fga and Eg (Upjohn Ltd.) were stored in absolute
alcohol at a concentration of ^00 jag/ml at ^-°C and 100 ul volumes added
to give final concentrations in the range of 1, 10, 100, 1,000 and
10,000 ng/ml.
The LH preparation which was added to the cultures was ovine LH
(NIH - LH -S20) (Potency = 1.19 NIH - LH - SI units/m^.
FSH (0.05 NIH - FSH - SI units/mg) which was stored dissolved in culture
medium at -20°G until use.Theyywere added to give final concentrations
in the media of 1 - 1,000 ng/ml.
HGG (Sigma Chemical Co.) was stored at -20°C in culture media at
1,000 iu/ml, and 20 jal added to the culture to give a final concentration
of 5 iu/ml.
Dated Surgically Derived Ovaries
Experiment 1
Collection of Ovaries
For this experiment ovaries were recovered from pigs (either pure
bred large Whites of large White Crosses) during surgery at the University
Pig Farm, the CL being removed on the 13th or 1^-th day after ovulation.
The sows had either heen checked for oestrus with the hoar, or injected
with 500 cr 1000 iu PMSG to induce ovulation at a precise time. After
surgery the GL were immediately dissected and placed in petri dishes
containing medium, serum and antibiotics (as described previously) and
gassed with 5%> CO^» 57% 0^ and 38% at 10 lb/in above atmospheric
pressure. The gassed Kilner jar was then transported back to the
culture laboratory in a padded polystyrene box at 37°C.
Additions of Pituitary and Prostaglandin Preparations
The LH preparation added was porcine LH (LER 778-^4-) - biological
activity 0.5 NIH - LH -SI units/mg which was made up in culture media
and added to give final concentrations of 100, 1,000 and 10,000 ng/ml.
Prostaglandins and (Upjohn Ltd.) were each dissolved in
absolute alcohol at concentrations of ^-OOyig/ml and stored at ^°C until
added directly to the cultures in 100 jpl volumes to give final
concentrations of 100, 1,000 and 10,000 ng/ml. All other cultures in
the prostaglandin experiments not receiving the hormone received a similar
volume of ±00% ethanol alone to act as controls.
3'5' dibutyryl cAMP (Sigma Chemical Co.) was made up at a
concentration of 200 mM and stored in small aliquots at -20°C. Aliquots
of 0.2 ml were added to the incubations to give a final concentration of
10 mM.
Organ Culture Technique
The CL were set up for culture using the technique putlined above,
except that as well as fixing one CL for histology before culture, at
least another two were weighed and placed in 5 ml absolute alcohol and
stored at -20°C until subsequent homogenization for total content of
progesterone. After five days in culture the CL were removed from the
grids, weighed, a section fixed in Bouins for histology, reweighed and
the rest stored in alcohol at -20°C until homogenization.
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Dated Surgically Derived Ovaries
Experiment 2
All CL for this experiment were recovered from six immature pigs
which had "been injected with 1,000 iu, PMSG and $00 iu HGG four days
later. The pigs subsequently ovulated ^0-^2 hours later, and were sent
for slaughter 12 days after ovulation. The pigs were transported to the
slaughterhouse and ovaries collected immediately after killing and
transported back to the laboratory on ice. (Granulosa cells from follicles
transported in a similar manner were found to be >80% viable.) CL were
set up for culture as for Experiment 1, but because of the tremendous
variability subsequently found between CL in Experiment 1, the number of
treatments was greatly reduced, and thus the number of replicates in each
group increased. The experiment was designed to test if any progesterone
synthesis occurred throughout culture, and could the rate of synthesis be
altered by treatment with exogenous hormones. The tissue from the same
pigs was used for the minced tissue experiments in Chapter ^ to enable a
direct comparison to be made between organ culture and minced tissue
incubations. Pigs 1 and 2 were used to test if any synthesis occurred
throughout culture, and so 5 CL from each pig were immediately homogenized
and assayed for progesterone content, and another 5 cultured for 5 days,
homogenized, assayed and the media for 5 days assayed. Thus total
progesterone throughout was calculated (as for Experiment l). 10 mM
dibutyryl cAMP (final concentration)(Sigma Chemical Co.) was added to the
culture media of some of the CL from pigs 3 and 4 to test if progesterone
synthesis could be enhanced, and prostaglandinF^a (Upjohn Ltd.) at a final
dose of 1,000 ng/ml added to try to depress progesterone synthesis.
Culture conditions were as described for previous culture experiments,
and one CL was fixed before culture for histology, and another fixed
afterwards.
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Homogenization Procedure for all Surgically Derived Ovaries
The tissue for homogenization was weighed, finely chopped with
scissors and placed in a glass teflon hoitiogenizer with electric motor
along with 5 ml absolute alcohol. It was then homogenized for 2 minutes
decanted and the vessel rinsed with 2 ml alcohol. The total 7 ml was
centrifuged for 30 min. at 1600 g at 4°C . The supernatant was collected,
the pellet resuspended in 5 ml absolute alcohol, and the homogenization
procedure repeated.
The volume of the supernatant alcohol was made up to a final
volume of 15 mis, and aliquots subsequently removed for radioimmunoassay
for progesterone.
Total progesterone output from each CL was calculated by adding
total progesterone per gram of tissue in the media to total progesterone
per gram tissue in the homogenate extraction.
Histology
In all cases both cultured and non cultured CL were fixed for
approximately 24 hours in Bouin's aqueous fluid and were subsequently
dehydrated with ethanol and embedded in paraffin wax. Serial sections
were cut at 5A™ and stained with Harris's haematoxylin and eosin and
mounted with Depex (Raymond A. Lamb, London).
Culture in the Presence of Dye or labelled compounds
Dianil blue (Gurr's Ltd.) was prepared as a 20% solution in EMEM,
filtered and 0.1 or 0.2 ml added to each culture dish to give a final
concentration of 0.5 or ±%. Dye was injected into the CL in volumes
of 0.1 or 0.2 ml of a 1% solution using a 100 jul Hamilton syringe.
After culture of up to 5 days the lens tissue was removed, the CL
fixed in Bouin's for 24 hours and then embedded in wax. Sections were
cut at 5 lii the wax removed by rinsing the sections in xylene, and then
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the slides mounted in Depex. It was found better not to remove the
Bouin's fluid with alcohol, as this made subsequent examination of
sections easier. [26, 27-^h] labelled cholesterol specific activity
750 mCi/mmol (Radiochemical Centre, Amersham) was added to the culture
media in aliquots of 350,000 cpm.
(5, 6, 8, 11, 12, 14, 15," ^h] labelled prostaglandin Fg (Radiochemical
Centre, Amersham) was added in aliquots of 115,000 cpm.
After culture of up to two days in the radioactive media the lens
tissue covering was removed, the tissue rinsed twice by squirting 5 ml
of media over the CL with a syringe and the washings kept for subsequent
counting. The gland was immediately placed on a freezing microtome,
frozen by blasting with C0^ and sliced at a thickness of 250 )X. Great
care was taken to ensure that the base of the CL which had been sitting
on the grid during culture was placed in the same position on the micro¬
tome. Five serial slices of 250 were immediately placed in 5 ml of
ice cold absolute ethanol, homogenized for 2 minutes as described above,
centrifuged at 1600 g for 30 minutes and the supernatant decanted into a
scintillation vial. The homogenization process was repeated, the super-
natants pooled, dried down in a stream of Nrj_ gas and taken up in 1 ml
phosphate buffer. 10 ml of scintillant was added, and the vials counted
for 10 minutes each. A control CL was cultured (without counts added to
the media), sliced, homogenized and counted and the valued obtained
subtracted as background.
Radioimmunoassay of Progesterone
The assay method is described in Chapter 2. Both media and
homogenized tissue supernatants were assayed directly, and the validation
for this is also contained in Chapter 2.
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RESULTS
Effects of varying culture conditions
Gas Pressures
There is no apparent difference among the levels of progesterone
in the media from the GL cultured under the various pressures (Fig. 16),
and the histology in all cases was very similar. However, it was
decided to culture all subsequent GL at a pressure of 10 lb/in .
Insulin
The addition of insulin to the culture fluid at a final concentration
of 56 jug/ml was not found to affect either histology or progesterone
levels in the medium.
Serum
Again, no difference was noted either in terms of progesterone
levels or histology when swine serum is used to supplement the culture
medium instead of calf serum.
Histology
Typical GL histology obtained throughout culture can be seen in
Plate 1. The most outstanding feature, and one which is a consistent
change in every cultured GL is shrinkage of both cytoplasm and nucleus
resulting in an increase in intercellular spaces, see Table 3- Other¬
wise many of the cells appear to have intact membranes, nuclei and
vacuolated cytoplasm which is often more eosinophilic than the control
CL. The cell shrinkage is not so obvious in the peripheral 3 or 4 cell
layers, although areas of necrosis are sometimes noted which are associated
with the point of contact of the tissue and the grid, and also the
central areas of largish mature GL. Recently formed CL (those with a
large central blood clot) are better maintained; cell shrinkage being
f
less apparent and the cells darker staining than in fully formed CL.
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Plate 1 Histology of corpora lutea after 0, 3> ^ and 5 days in culture.
A = control (non-cultured)
B = cultured for 3 days
C = cultured for 4 days
D = cultured for 5 days
Note the cell shrinkage with increasing time in culture and
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Figure 16 Progesterone levels in the media during organ culture
under different gas pressures. Solid circles represent
culture at 10 lb/in2, open circles 7-5 lb/in2 an(i
squares 5 lb/in^. Each point is the mean and standard
error of ^ replicate cultures. There are no significant
differences "between any of the progesterone concentrations.
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TABLE 3
Cell and Nuclear Diameters Before and After Culture
Granulosa Cells Theca Cells
time in culture cell nucleus cell nucleus
0 37.9 9-9 12.7 6.9
2 hr 33-6 10.7 10.3 7.2
8 hr 31.0 9.3 10.4- 5-1
2k hr 2^.7 7.6 8.6 4.6
72 hr 19.7 6.6 6.7 4.4
96 hr 20.3 6.6 6.1 4.2
120 hr 18.2 6.4 5.4 4.3
Measurements = mean diameters of ^0 cells measured at random.
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It was found from culturing GL and fixing them at various times
that most of the cell shrinkage occurs sometime during the period of
8 to 2h hours in culture (Plate 2). Thereafter, the shrinkage occurs
at the same rate until the end of culture, and this was confirmed using
an ocular micrometer to estimate the size of the luteal cells (Table 3)■
Progesterone Production
During every culture the amount of progesterone measured in the
culture fluid declines with increasing time in vitro, and varies
considerably among GL of the same size for the same ovary, even when
correlated with weight (Fig. 17a and b) . There is also much variation
O
between animals believed to be at the same state of the oest^ps cycle.
Exogenous cholesterol, at a dose sufficient to provide the precursor
to maintain the progesterone level (20 pig/ml) was added daily, but this
did not prevent the decline in progesterone output - thus suggesting that
the progesterone decline is not due to a lack of a suitable substrate
(Fig. 18).
Attempts to modify the progesterone levels in the medium by trophic
or lytic factors were unsuccessful, that is neither addition of ovine
LH or prostaglandin E2 or prostaglandin Fga or HGG cause any statistically
significant change in the levels of progesterone in the media when
compared to controls. The progesterone levels in the media decline at
the same rate in each set of cultures, regardless of hormonal additions.
Details of the various treatments are shown in Table k, and a
typical graph of the progesterone levels obtained is depicted in Fig. 19.
Since the failure of GL to respond to hormones could have been due
to changes associated with the slaughter of animals, and the fact that
most of the CL were not accurately dated, a more controlled experiment
was devised.
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Plate 2 Histology of corpora lutea after 0, 8, 24 and 72 h in culture.
A = control (non-cultured)
B = cultured for 8 hours
C = cultured for 24 hours
D = cultured for 72 hours
Note the increase in intercellular spaces with time in culture,
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Figure 17a and b Comparison of variation in progesterone levels when
calculated per ml of medium of per g of tissue.
Coefficient of variation = 0.229 and 0.209 respectively
(mean of all points). Each point is the mean _ standard
error of 6 replicate cultures.
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Figure 18 Effect of the addition of cholesterol (20 ;ug/ml) on
progesterone concentrations in the media during culture.
Circles represent control cultures and squares, cultures
plus cholesterol. Each point is the mean and standard
error of 4 replicate cultures. There are no significant
differences "between the cultures with and without
cholesterol. The cross reactivity of the progesterone
antibody with cholesterol is<. 0.01%.
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Time of culture(h)
Figure 19 Effect of the addition of PG E£ and PG F£a (-100 ng/ml)
on progesterone concentrations in the media during
culture. Solid circles represent control cultures,
open circles + PG E2, and squares + PG F?a. Each
point is the mean and standard error of 4 replicate
cultures. There are no significant differences
between any of the treatment groups. (Student's t test)
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TABLE 4














































The numbers of replicates of each treatment are included in the table.




In this experiment ovaries were surgically removed after ovulation
and set up for culture under carefully controlled conditions as
described in the Methods Section. These conditions were designed to
eliminate any chance of cell death due to the time lapse "between removal
of the ovaries and their being set up in culture, and also the deleterious
effects of the slaughter house (i.e. violent temperature changes, carcass
being plunged into boiling water, bacterial contamination, etc.).
Total progesterone levels for each GL were calculated thus showing
the steroids in the tissue, as well as in the media. The levels of
progesterone in the media are similar to those obtained from the slaughter
house (i.e. declining throughout time in culture), and hormonal additions
do not alter these values (Fig. 20). Total concentrations of
progesterone for all the CL are shown in Table 5» The main feature to
emerge from these results is the large degree of variation within GL
both from the same pig, as well as between pigs. The variation between
pigs means that the same treatments to CL from different pigs can not be
grouped together, and thus the number of GL for each treatment group is
rather small. Nevertheless, an analysis of variance was carried out on
the total progesterone levels to find out if there is any difference
between the treated GL and their controls and non-cultured controls.
(See Appendix for variance Table.) None of the variance ratios obtained
for each of the four pigs is significant at the 5% level. The high
variation between groups makes it difficult to show significant
differences between treatments unless large numbers of replicates are
used, and so Experiment 2 was devised.
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Time of culiure(h)
Figure 20 Effect of the addition of LH (1000 ng/ml), PG F2a (1000 ng/ml)
and PG E2 (1000 ng/ml) on progesterone concentration in the
media per weight of tissue. Solid circles represent
control cultures, open circles + LH, solid squares + PG F20L
and open squares + PG E£. Each point is the mean and
standard error of ^ replicate cultures. There are no










13 day 14 day 14 day
control
cultured 2?.9 - 8.8 (3) 68.3 - 12.0 (2) 55.6 - 8.1 (3) 30.6 - 2.0 (3)
LH
100 ng/ml 33.8 t 3.3 (2) 81.0 63-7 - 0.2 (3) 35-4
LH
1000 ng/ml 4-9.1 - 4.4 (2) 88.6 82.6 - 16.4 (3) 35.5
LH
10,000 ng/ml 40.1 - 2.9 (2) 91.6 62.7 - 5.7 (3) 27.2
PG F2a
100 ng/ml 40.7 - 3-4 (2) 57.9 59-9 1 18.3 (3) 27.0
F2a
1,000 ng/ml 45.4 - 2.3 (2) 58.7 63.0 - 7.9 (3)
48.1
PG F?
10,000 ng/ml 22.1 - 4.4 (2) 67.7 39-7 - 3.1 (3) 27.9
PG E2
100 ng/ml 29.2 84.7 - 6.2 (2) 54.8 t HO (2) 30.2
PG E2
1000 ng/ml 47.8 68.4 - 9.3 (2) 61.2 - 4.2 (2) 25.1
PG E2
10,000 ng/ml 29.7 73-8 - 24.3 (2) 74.2 - 9.6 (2) 18.9
non cultured
controls 24.9 t 11.4 (2) 40.4 t 13.6 (2) 47.0 t 6.0 (2) 23-2 - 2.5 (3)
+
mean - seen
Treatment concentration = final concentration in culture fluid.
Numbers of replicates of each treatment are shown in brackets after
the progesterone concentration. In some cases, only single
treatments were carried out.
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Experiment 2
Increased replicate CL/treatment group
Increasing the number of replicates per treatment group greatly
reduces the variability in progesterone values within groups. (See
Table 6.) However, there are no significant differences between any of
the groups from the same pig (Studentfe t test) regardless of culture or
treatment. Results for Pigs 1 and 2 show that no net synthesis of
progesterone occurs throughout the entire culture period, and this is
confirmed by Pigs 5 and 6. Pigs 3 and b and again 5 and 6 show that
addition of 3'5' dibutyryl cyclic AMP (10 mM) or prostaglandin F£a
(100 ng/ml) do not affect steroidogenesis (which clearly they should do).
Table 7 shows the weights of fresh CL (weighed and homogenized,
immediately after dissection), as compared to those which were weighed
and homogenized only after five days in culture. These were not weighed
before culture to prevent tissue drying out. It can be seen that there
are significant differences (Studentls t test) between the weights of
every group of CL before culture and CL after culture.
Dye and label additions to culture
Plate 3 shows CL which have been cultured for various times in the
usual media plus dianil blue. For the CL which has been cultured for
4 days in a 1% dianil blue solution, it can be seen that only the peri¬
phery of the gland has been stained by the dye, and even then it is the
cortex rather than luteal cells which has been stained. The halved CL
cultured with the interior of the CL on the grid again shows staining
only at the edge of the CL. Subsequently, some of the dianil blue
solution was actually injected into the interior of the CL. Some slight
cellular damage was caused by penetration of the needle and expulsion of
the dye. However, the Figure shows in both low and high magnification
that only cells in the area immediately surrounding the injection point
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TABLE 6
Progesterone Concentrations in Surgically Derived Ovaries












1 t 2.6 t 4.2
o
16.0 17.4 - 2.0




















n = 5 in all groups. mean - sem.
cAMP = 10 mM final concentration.











































t = 3.48 P < .01
Nos. of corpora lutea in each group are included in the table.
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Plate 3 Uptake of dianil blue dye by corpora lutea in culture.
A = corpus luteum which has been cultured for k days
in 1% dianil blue (Magnification x 75)
B = halved corpus luteum which has been cultured for 4 days
in 1% dianil blue (Magnification x 38)
C = cultured corpus luteum which has been injected with
1% dianil blue (Magnification x 38)
D = higher magnification of cultured corpus luteum which
has been injected with 1% dianil blue (Magnification x 75)
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have "been stained, the dye certainly not diffusing through the entire CL.
Other sections of these CL were stained in the normal way with
haematoxylin and eosin, and showed typical histology for 4 day cultured CL.
[?h] labelled cholesterol and prostaglandin
To the first set of CL 350,000 cpm ofPh]cholesterol were added to
the mediiirv^and the CL cultured for 1, 3i 4 and 24 hours. The rate of
incorporation of the isotope into the tissue is shown in Fig. 21a and "b,
along with those from a repeat experiment with a longer culture period.
Each CL was washed with media "before sectioning, and the washings always
contained less than 900 cpm for "both cholesterol and prostaglandin.
115 > 000 cpm of PhJ prostaglandin was added to the next set of
cultures for 1, 3i 4, 24 and 48 hours, and the results again shown in
Fig. 22. These results consistently show that most of the isotope is
incorporated at the base of the CL, with a little "being transported to
the top via the lens paper after several hours. Little of the label
reaches the centre of the gland.
Histology of CL maintained at 37°0
Plate 4 shows the histology of a CL left immersed in 10 ml of
medium and serum in the incubator at 37°G for 5 days. Despite the
fact that the CL was not maintained under any gas pressure, nor the media
changed during the incubation period, the histology is similar to that
seen previously in culture CL. The histology of a CL from the same
ovary fixed before culture is also shown.
DISCUSSION
The first few experiments were set up with the aim of determining
the optimum culture conditions for porcine CL, using modifications of
the method used for culture of the human CL (Biggs and Baker, 1978).
It was found that altering differentconditionsdid not greatly affect the
results, and so a set of conditions was chosen which produced optimum
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Figure 21 a and Id Distribution of the counts recovered after culture
of CL in media containing[3h] cholesterol. 125 sections
of CL were homogenized and counted, starting with the
section furthest from the media. Sections were cut after
the CL had teen in culture for various times.
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no.of 125mm section from top of gland
Figure 22 Distribution of counts recovered after culture of CL in
media containing[^^prostaglandin F£(x« 125 JuM sections
of CL were homogenized and counted starting with the
section furthest from the media. Sections were cut
after the CL had "been in culture for various times.
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Plate 4 Comparison of non cultured corpus luteum and one which
has "been left in the incubator for 5 days at 37°C.
A = control (non cultured) Magnification x 190
B = control (non cultured) Magnification x 75
C = corpus luteum from incubator. Magnification x 190
D = corpus luteum from incubator. Magnification x 75
Again shrinkage of the cells has occurred, along with darker
staining. Note the similarity of the histology of the corpus luteum
from the incubator with that of the cultured corpora lutea in Plate 1.
PLATE U
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results similar to those obtained from culture of human GL. At least
the results were similar histologically, as in both cases cells after
culture were shrunken, resulting in increased intercellular spaces.
Cells from newly formed GL (those with a large central blood clot) were
apparently better maintained than those from fully formed more solid CL.
This was presumably due to the fact that in the early CL, only a few
peripheral layers of cells had to be kept alive, but in the older CL
there is solid tissue right to the centre of the CL, and this would make
diffusion of nutrients and gases more difficult.
From experiments in which CL were removed at different times after
culture and were subsequently fixed for histology it was found that the
cell shrinkage occurred within 8-2^4- hours of culture, as found by Watson
and Leask (1975) using tissue slices, and thereafter the cells did not
drastically alter during 5 days of culture. Some nuclear as well as
cytoplasmic shrinkage occurred, but pyknosis and karyolysis were not
detected. The steady decline in progesterone levels in the medium
throughout culture was much more dramatic than expected. This decline
in steroid output has been experienced during long term culture of porcine
and bovine luteal cells (Stoklosowa, 1978, personal communication;
Henderson, 1977 and 1979) aud also of sheep CL explants (R.M. Moor,
personal communication).
This decline is unlikely to have been due to lack of a suitable
substrate, since this should have been abundant in the serum component
of the medium, and even addition of large excesses of cholesterol in
the present experiments did not maintain progesterone levels. Insulin
was without effect, as was the use of swine instead of calf serum. An
explanation for the decline in progesterone production may be that the
luteal cell is well differentiated and specialised, and so is much less
adaptable for culture than say the granulosa cell, which can continue
to secrete progesterone at the same level for many days (Charming, 1969).
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The next step, therefore was to find out what hormones if any could
modify the output of progesterone in vitro, and try to correlate this
with events in vivo. One of the drawbacks of using slaughterhouse
material in any study is that it cannot be accurately dated for stage
of the cycle and so CL were only classified as "early", "mid" or "late"
luteal phase. It was initially intended to construct dose-response
curves, but absolutely no responses were found to any hormone - either
trophic or lytic. In the case of LH (ovine) and HGG it could be argued
that this was so because hormones of porcine origin were not being used,
but Cook et al. (1967) reported responses of slices of porcine CL to
porcine, bovine and ovine LH. Also, species specificity would not apply
in the case of prostaglandins, and it would seem reasonable to assume
that at least one of the doses of the various hormones tested would be
equivalent to the concentration reaching the cells in vivo. It has
often been reported that CL are refractory to administered PG Fg in vivo
until at least 12 days after ovulation (see general introduction) and so
possibly all the LH and thus PG Fga receptor sites (Henderson and McNatty,
1975) are fully occupied in CL removed before day 12 of the luteal phase.
This could account for the non-responsiveness of the early and some of
the mid CL to LH and PG and there might be no response to PG Eg)
although PG E2 binds to a different receptor (McNatty, Henderson and
Sawers, 1977). it still elicits its effect via adenylcyclase and cAMP,
and this system may already be functioning to capacity due to the tightly
bound LH. However, stimulation of slices of mid luteal tissue by ovine
LH and depression of PG F£a has been demonstrated (Watson and Leask, 1975.
Watson and Maule Walker, 1977) but these workers used slaughterhouse
tissue and included the mid phase CL from day 7-15. thus including CL
of the 'critical age' . They also report that some of their tissue did
not respond at all to gonadotrophins and it could be that these were CL
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removed "before the 'critical age'. Cook et al. (1967) using animals
in which the stage of the cycle was accurately known detected responses
to porcine, "bovine and ovine LH in day 10 CL.
Nevertheless, there still remained the possibility that the CL
being tested were just not at the 'responsive stage', or indeed that
progesterone synthesis within the tissue itself may have been altered,
but this was not being reflected in the media, (i.e. there was also a
change at the secretion stage).
Thus it was necessary to find out if accurately dated CL at the
critical stage, would respond to exogenous hormones. Surgical material
was used for this experiment, and the cultures set up under carefully
controlled conditions. Progesterone in the tissue was assayed before
and after culture to eliminate any possible build up of steroid inside
the gland itself. The main point to arise from this first study with
surgically derived CL was the tremendous variation both within and between
pigs, and also the fact that the extra precautions taken in handling the
CL before culture did not affect histology or progesterone levels in the
media. The analysis of variance showed no differences between any of
the controls and treatments, and the results also gave the first indication
that little net progesterone synthesis was occurring throughout culture.
However, the levels of progesterone measured from slaughterhouse or
surgically derived ovaries were very similar.
This question of synthesis was examined in more detail in surgical
material Experiment 2, by greatly reducing the number of treatments, and
thus increasing the number of replicates per group. The results in
Table 6 show that variance was reduced to acceptable levels, and also that
no significant progesterone synthesis occurred in any of the cultures.
This result is very important, because it means that the progesterone
measured in the media throughout the duration of culture was not the result
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of 'de novo' synthesis and secretion of progesterone, hut simply 'leakage'
from the CL sitting in the centre of the dish. If breakdown or metabolism
of progesterone was occurring, the addition of prostaglandin should
have meant lower levels of progesterone, as less progesterone would be
synthesized "6ut metabolism would still occur at the same rate. However,
no such decline was seen, nor did 3'5' dibutyryl cyclic AMP cause an
increase in progesterone levels as was found in the minced tissue
incubations (Chapter ^). Thus, if the progesterone being measured in
the media was simply leakage, then it would be expected that most
progesterone would leak out the first day, less the next and so on, and
that this leakage would be totally unaffected by addition of cAMP, LH or
prostaglandin to the culture fluid. It could be argued that the CL
would only be stimulated by LH for a short while, and then become
refractory to continued stimulation, but this has not been the case with
granulosa cells where stimulation has been continued for at least 9 days
(Henderson and McNatty, 1975)> and Watson and Leask (1975) report that a
second pulse of gonadotrophin introduced 6 hours after the first during
superfusion also stimulated steroid secretion. In any case, even a short
term stimulation should have shown up in the overall progesterone levels,
but stimulated synthesis is unlikely to occur when there appears to be no
basal level of synthesis.
It is known that donor calf serum contains low but detectable levels
of gonadotrophins and prolactin (A.S. McNeilly - personal communication)
and it is possible that sufficient would be present to fully stimulate
the CL, and thus the addition of exogenous hormones would have no further
effect. However, if this had been the case then stimulated progesterone
synthesis should have been detected throughout culture, when compared to
non-cultured controls, and this was not the case.
Another point is raised by the fact that the CL weights are
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significantly lower after culture than those before, the division of GL
from the same pig into those for homogenization and those for culture
being totally random. This decline in weight during culture would if
anything tend to inflate progesterone levels when calculated as pg/g
tissue, but again this did not lead to any indication of synthesis. This
weight loss throughout culture must be interpreted as showing that the
tissue is not being satisfactorily maintained, and that some degradation
and disintegration must be occurring.
The experiments with the dye and labelled substances show that
virtually no diffusion of substances occurs into the CL - especially
the central areas. Dianil blue has been used to stain rat corpora lutea,
when the dye was incorporated into the lipid granules of mature corpora
lutea (Bennett et al. 1967)• In the present experiments no dye could
be seen past the basement membrane, and even when injected right into
the centre of the GL it still did not diffuse past the first few layers
of cells. Using labelled substances which would normally be present
in vivo presented the same picture, i.e. that the majority of the counts
were located at the base of the GL (the portion in contact with the medium),
a few at the top of the CL covered by lens tissue, and very few counts
diffused right to the centre of the CL.
When a dissected porcine GL was placed in media and just left
sitting in the incubator for 5 days its histology was similar to that
of cultured GL, again showing that GL are not being adequately
maintained in culture.
It seems therefore, that porcine CL effectively die after about
8-2^ hours in organ culture, and thereafter the cells remain in a
■virtual state of suspended animation with the cells lacking sufficient
energy to actually break up. The main cause for this failure in vitro
must be due to the large volume of tissue attempted to be cultured and
thus poor diffusion of nutrients, coupled with the fact that in vivo the
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CL has such an abundant "blood supply.
These results differ to those reported for culture of human CL
(Biggs and Baker, 1978) where cell shrinkage and paling were also noted,
but the CL were responsive to HPG and HCG in terms of increased
progesterone and sometimes oestradiol levels in the media. Such
responses were never detected during culture of porcine CL. The authors
also report that the stimulatory effect of HGG could be terminated by
washing the tissue with a jet of medium, thus suggesting that the HCG
had not become bound to the cell receptors. However, it is just possible
that the HCG or HPG was increasing the secretion of progesterone and
oestradiol into the media without binding to the cells but this is unlikely.
This organ culture system has been demonstrated to be totally unsatisfactory
in maintaining healthy responsive porcine tissue, and it is difficult to
reconcile the claimed success with the human CL to be solely due to a
species difference.
Organ Culture of Intact Porcine Corpora Lutea
Part II
Introduction
In view of the hormonal results obtained in the early part of this
study, and the fact that the light microscopy of the cultured corpora
lutea was difficult to interpret, it was decided to examine the corpus
luteum before and after culture using electron microscopy. In this way,
it could be determined, with certainty if some or all of the subcellular
organelles and membranes were present and viable, or if the cells had
perhaps lost some secretory organelles or appeared to be in an advanced
state of luteolysis. Obviously, healthy viable cells with intact
membranes would be required for hormone binding and steroidogenesis.
Previous workers, in their studies had found large amounts of smooth
endoplasmic reticulum often in whorl like arrangements (Goodman et al. 196?)
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and reaching a maximum during the mid luteal phase but being sparse in
newly formed corpora lutea (Bjersing, 1967)• Regression was
characterized mainly by increases in cellular lipid droplets, cytoplasmic
disorganization, increases in the number of lysosomes and invasion of
connective tissue.
MATERIALS AND METHODS
Corpora lutea for this study were excess from surgically derived
ovaries (i.e. removed from the pig 12 days after ovulation and either
fixed immediately or cultured for five days as described previously).
Before fixation pieces of the gland from both the periphery and centre
of the tissue were cut into pieces of approximately 1 mm^.
These pieces of tissue were then fixed by immersion for 2^ hours
in a variant of Millonig's (1961) phosphate buffered formaldehyde at
pH 7.3• The fixative was modified so as to contain 1% formaldehyde and
Z.5% glutaraldehyde (w/v) . After fixation the tissue was rinsed in
3 x 15 min. changes of Millonig's phosphate buffer (0.13 M) before post
fixation for 1 hour in osmium tetroxide (1%) in the same phosphate
buffer. The tissue was then dehydrated in a graded acetone series and
completed in polypropylene oxide before being fully impregnated with
epoxy-resin: propylene oxide mixtures (1:2 and 2:l). Final embedding
was done with araldite alone which was polymerised for *4-8 hours at 60°C.
Silver to gold (70-90 nm) sections were cut on a Reichert 0mU3
ultramicrotome and stained with 2% uranyl acetate in methanol for
15 min followed by lead citrate (Reynolds, 1963) for 10 min. Sections
were subsequently viewed in an AEIEM6B transmission electron microscope
operating at an accelerating voltage of 60KV or a Philips EM301 again at
an accelerating voltage of 60KV.
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RESULTS
Non cultured corpora lutea
Both theca and granulosa lutein cells were observed in the corpus
luteum, the granulosa constituting the major part of the tissue. The
theca cells are spindly shaped with darker staining nuclei containing
substantial quantities of clumped chromatin (Cavazos, 1969)• These
cells also contain less mitochondria and smooth endoplasmic reticulum
(SER) than the granulosa cells, and so certainly do not appear to be the
main steroid secreting cell in the gland (Plate 5)- However, as this
study is concerned with steroidogenesis by the coxpus luteum in vitro,
it was decided to concentrate on examining the major steroid secreting
cell - the granulosa lutein cell.
Since the corpora lutea cultured in this experiment were obtained
12 days after ovulation, it would be expected that they would show all
the characteristics of fully differentiated steroid producing luteal
cells, but without showing signs of regression. Even at fairly low
magnifications it can easily be seen that the smooth endoplasmic
reticulum(SER)is the most outstanding subcellular organelle in the cell
(Plates 6 and 7). This SER is often seen to be highly organized into
whorls, which are sometimes surrounding both mitochondria and lipid.
Such is the prevalence of this SER that all the other subcellular
organelles are crowded together into other parts of the cell (Plate 8).
These other organelles are made up mainly of mitochondria, lipid droplets
and rough endoplasmic reticulum. No identifiable Golgi complexes were
observed. The mitochondria are usually circular or short ovals
(Plate 9)1 "the matrix being more dense than the cytoplasm, and the
cristae irregularly distributed and tubular in form. These mitochondria
are often seen adjacent to, or surrounding a lipid droplet. Rough
endoplasmic reticulum (RER) is also quite abundant in these cells,
Plate 5 View of a theca lutein cell. Note the spindle-like shape
of the cell, and dark staining nucleus which takes up a large area of
the cell. Some mitochondria, rough endoplasmic reticulum and lipid
droplets are also visihle. Smooth endoplasmic reticulum is much
less prominent than in granulosa cells.
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Plate 6 A is a view of an entire granulosa lutein cell. Most
of the top portion of the cell is filled with smooth endoplasmic
reticulum, with the rest of the organelles (mitochondria, lipid
droplets, rough endoplasmic reticulum) crowded into the lower
portion of the cell. Microvilli are visible, as is the gap
between this cell and the next.
B is a portion of the cell in A at a higher magnification.
It clearly shows the whorl arrangement of the smooth endoplasmic
reticulum, numerous mitochondria and microvilli.
0*5 jjmPLATE 6
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Plate 7 Higher power view of smooth endoplasmic reticulum within
a granulosa lutein cell. It illustrates the typical 'fingerprint'
type arrangement of the smooth endoplasmic reticulum, and numerous







Plate 8 A shows a portion of a cell, filled with smooth endoplasmic
reticulum from the nucleus to the outer membrane. Some of the
mitochondria are totally enveloped by the smooth endoplasmic reticulum.
Many other mitochondria and lipid droplets are present in other areas
of the cell. Microvilli can also be seen, and there is a real gap
between this and the adjacent cell.
B is part of a granulosa lutein cell which contains less smooth
endoplasmic reticulum, and numerous mitochondria, lipid droplets and






(Plate 9) and often seen to "be near the nucleus of the cell. This RER
is much less prominent than SER, and generally has the form of pairs of
memhranes studded with rihosomes. Many lipid droplets are present in
the cytoplasm, some light and some dark staining depending on how
fixation and dehydration has affected them (Plates 8 and 9)• The
nucleus is enclosed "by a nuclear membrane composed of an inner and an
outer lamina. The interior of the nucleus is made up of a coarse
granulation of nucleolonema, interspersed with clumped chromatin and a
single nucleolus. Adjacent cells are noted to have complicated junctions.
Microvilli are numerous and often interdigitated with those of an
adjacent cell (Plate 9) • Mitochondria are sometimes present at the
peripheries of adjacent cells.
Plate 10 illustrates a red blood cell which is in the process of
being phagocytosed by a granulosa cell.
Corpora Lutea after Culture
The remains of a cultured luteal cell is seen in Plate 11. Some
areas of the outer membrane are still visible, but the nuclear membrane
has almost totally disappeared and the chromatin has condensed to very
dark staining clamps. Cytoplasmic organelles have become completely
disorganised, only the remains of some SER can be identified (Plate 12).
Collagen fibrils (which were not seen in non cultured corpora lutea) are
also visible (Plate 13).
The SER in some cells has left 'ghosts' of the whorl arrangement
or has condensed into clumps (Plate 12). No other subcellular organelles
can positively be identified.
DISCUSSION
The above observations on the theca lutein cell are in agreement
with those of Bjersing (1967) who also noted the theca cells to have much
less developed SER than granulosa cells. The presence of these theca
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Plate 9 A and B show junctions between two different cells.
The field shown in A emphasises the complex arrangement of the
microvilli from the two cells, and the presence of mitochondria
within the microvilli. The two cells in B, are packed with
smooth endoplasmic reticulum right to the periphery of the cells.
Interdigitation of the microvilli is clearly visible.
G is a high power field illustrating the presence of numerous
mitochondria, the matrix of which is more dense than the cytoplasm.
Tubular christae are visible. Lipid droplets and much rough





Plate 10 View of a red "blood cell in the process of being
phagocytosed by a granulosa cell.
PLATE 10
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Plate 11 A low power shot of the remains of what was probably a
granulosa lutein cell after culture. The outer membrane is
indistinct and broken in parts and virtually no nuclear membrane is
remaining. The chromatin has condensed into very dark staining
areas. Some remains of smooth endoplasmic reticulum ace visible.
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Plate 13 Two views of subcellular organelles after culture.
The remains of smooth endoplasmic reticulum and possibly mitochondria
are visible. Collagen fibrils have become quite numerous. All
other subcellular organelles are indistinguishable.
>>
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lutein cells has been repeatedly documented since Corner, 1919 > an(i also
that this species of lutein cell maintains its separate identity through¬
out the span of existence of the corpus luteum (Cavazos et al. 1969)•
Together with the granulosa cells it is shown that initially the
corpora lutea used for culture were healthy secretory cells. All cells
examined showed intact membranes, and microvilli were often in contact
with those of adjacent cells - the abundance of the highly organized
SEE in the granulosa cells has been reported in several other cells
involved in steroid metabolism - interstitial cells of the mouse testis
(Christensen and Fawcett, 1966) and the ovaries of rat, mink and
armadillo (Enders, 1962) , human (Adams and Hertig, 1969; Crisp et al.
1970; Balboni, 1971). and previously in swine (Bjersing, 1967; Goodman
et al. 19^7i 1968; Cavazos, 1969). This SER is much more likely to be
characteristic of an active vital cell than a degenerating one
(Goodman et al. 1967) and this is supported by the presence of so many
mitochondria. Also the numerous lipid droplets suggest no shortage of
precursor for steroid metabolism. No indications of luteolysis were
observed either in tissue from the centre or periphery of the gland.
Thus, the tissue used for the culture experiments was certainly healthy
and secretory before culture.
The appearance of the corpora lutea after culture shows that the
cells have definitely not been maintained throughout the culture period.
Both nuclear and cell membranes have disintegrated and become indistinct,
as have all the subcellular components and organization of the cells.
On viewing the cells under the light microscope, the more
condensed areas of chromatin would still be seen (thus the apparent
maintenance of the nucleus) and it would not be detectable that there
was no nuclear membrane. However, shrinkage of the nucleus was noted,
caused by the condensation of the chromatin. The increase in the
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intercellular spaces observed using the light microscope would be caused
by the loss of the cellular membrane and disintegration of subcellular
organelles, although some cytoplasmic-like material still surrounds most
of the nuclear material. The detection of collagen fibres solely in
the cultured tissue suggests that a form of luteolysis may have occurred
before complete disintegration of the tissue. Cavazos et al. (1969)
observed that one of the characteristics of the luteolysis was invasion
of connective tissue.
Thus, the above results show that porcine corpora lutea can
absolutely not be maintained for 5 days using this organ culture system,
and emphasise the point that light microscopic examination alone of
tissue is often not a sufficient criterion on which to judge the
viability of the cells.
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CHAPTER k
SHORT TERM INCUBATIONS OF PORCINE LUTEAL TISSUE
Short term incubations of porcine luteal tissue
Introduction
The aim of Chapter 3 had "been to elucidate some of the factors
controlling steroidogenesis "by porcine corpora lutea. However, the
conclusion reached was that the technique of organ culture was
unsatisfactory. It was thus decided to study the effects of trophic
agents on minced corpora lutea as a means of elucidating the control
processes.
There is some disagreement in the literature regarding the potential
responsiveness of porcine corpora lutea to luteotrophic hormones. In
i960, Duncan et al first demonstrated in vitro synthesis of progesterone
by slices of swine corpora lutea, and in 1961 they reported that none
of the usual trophic hormones (PMS, HCG, relaxin, oxytoxic material or
lactogenic hormone) had any detectable effect on in vitro luteal function,
using luteal tissue from days 4, 8, 12, 16 and 18 days after ovulation,
or pregnancy. However, Cook et al. (1967) using a very similar incubation
technique found that LH produced a small but significant increase in
progesterone concentrations above control levels. Using a 'superfusion'
system, Watson and Leask (1975) reported that the addition of 100 ;ug ovine
LH caused an increase in progesterone release into the media, and also an
increase in acetate incorporation into progesterone (Watson and Wriggles-
worth, 1975)-
Another approach was to examine the responsiveness of ovarian
adenyl cyclases to LH (Birnbaumer et al. 1976). These authors were unable
to detect LH responsive adenyl cyclase activity in either homogenates or
washed particles of corpus luteum from either cycling or pregnant pigs.
This again points to the unresponsiveness of porcine corpora lutea to LH.
These studies were all carried out in vitro, but by contrast infusion of
LH into the ear vein of cycling pigs 10 days after ovulation resulted in
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increased progesterone secretion (Cook et al. 1968). The present
experiments were designed to test if corpora lutea of a particular age
axe indeed responsive to possible luteotrophins, and what these substances
might be.
It has previously been reported that in the corpus luteum of the
non pregnant pig, steroidogenesis is limited to progesterone (Duncan
et al. I96O; Akins et al. 1967) and 20a-hydroxypregn-iJ—en-3-ene (Cook
et al. 1967) or 17a-hydroxyprogesterone (Aakvaag, 1969), while during
pregnancy the products are progesterone, 20a-and 20(3-hydroxypregn-4--en-
3-ene (Booth and Schomberg, 1968). However, conversion to oestradiol
and oestrone has also been demonstrated in some cases (Preumont et al.
1969; Brinkley and Young, 1976) and increased release of oestradiol into
the media in response to LH during 'superfusion' of CL slices from pigs
(Watson and Leask, 1975) and. its secretion by isolated luteal cells from
late pregnancy (Lemon and Loir, 1977)- Thus this study was also
carried out to determine if the pig GL also synthesizes oestradiol, and
if this is influenced by any of the trophic factors.
MATERIALS AND METHODS
Collection of Ovaries
The GL tissue used in this study was obtained from the pigs
numbered 2, b and 6 in Experiment 2 in Chapter 3 > i.e. all 12 days
after ovulation and surgically derived. After dissection the corpora
lutea not required for the organ culture experiment remained in Eagles
MEM on ice for about one hour, before being prepared for short term
incubations.
Preparation of Tissue for Incubations
Corpora lutea were minced finely using two scalpel blades and then
washed twice with 50 ml of EMEM at 4°C, centrifuged at 100 g for 5 min
and the supernatant discarded (this was thought to remove all debris).
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Aliquots of approximately 20 mg of tissue were then weighed out into
clean unused scintillation vials and 2 ml of EMEM were added, except for
6 tissue aliquots which were stored at -20°C until homogenized and
assayed to determine the original steroid content of the tissue. The
appropriate hormones (described below) were added to each vial, and the
incubation vessels were gassed for 10 sees with a mixture of 95% Ogi
5% GO£. tightly stoppered, and incubated in a shaking water bath at
37°C for 3 h.
After incubation the tissue was separated from the media by
centrifugation (as above), the media decanted, and both media and tissue
stored at -20°G until assayed for progesterone and oestradiol.
Homogenization
Each tissue aliquot was homogenized in 7 ml absolute ethanol
(analytical grade) for 2 min using a glass/teflon homogenizer with an
electric motor. After centrifugation for 30 min at 600 g at ^°G the
supernatant was collected, made up to a final volume of 10 ml and stored
at -20°G until removal of aliquots for radioimmunoassay without prior
extraction. A complete set of minced tissue and media was assayed at
the one time to minimise interassay variation. A sample of media
alone plus testosterone (100 ng/ml) was measured in every assay to check
that there was no cross reaction between testosterone and the antibody.
Pituitary and Steroid Preparations
Bovine LH was used in these experiments/NIH-LH-B10, potency
=1.06 NIH-LH-S1 units/mg and contains less than 0.05 NIH-FSH-S1 units/mg.
The LH was made up in EMEM at a concentration of 0.2 mg/ml and stored
in 0.2 ml aliquots at -20°C. The hormone was added to the incubations
in 20 p.1 amounts to give a final concentration of 2yug/ml.
Ovine FSH was also used in these experiments/NIH-FSH-S9 and was
added to the incubations as for bovine LH.
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Dibutyryl 3'5' cyclic AMP (Sigma Chemical Co.) was prepared and
added as described in Chapter 3, except that only 0.1 ml was added to
give a final concentration of 10 mM.
Testosterone (Sigma Chemical Co.) was initially dissolved in
absolute ethanol at a concentration of 10 mg/ml. This was subsequently
diluted 1:1000 with EMEM, stored in small aliquots at -20°C, and 20 pil
added to the incubations to give a final concentration of 100 ng/ml.
RESULTS
Results of short term incubations of day 12 porcine luteal tissue
with the addition of various hormones are shown in Tables 8 and 9«
In every pig, addition of bLH to the incubation resulted in a significant
increase in progesterone synthesis above control levels. Addition of
FSH to CL from pigs 2 and 6 also significantly increased progesterone
production, and although the combination of LH and FSH also stimulates
synthesis, this is no more than that produced when bLH is present alone.
In all three pigs, cAMP significantly stimulates progesterone levels, and
in pigs 2 and 4- this is significantly higher than the level produced by bLH.
Addition of testosterone alone has no effect on progesterone
production, but when testosterone and LH are added together, the
androgen suppresses the stimulatory effect of the gonadotrophin.
Similarly, testosterone and FSH incubations do not result in increased
synthesis above control levels. This loss of stimulation is greatest
in pig no. 6, in which testosterone and LH, and testosterone and FSH
incubations both produce significantly lower levels of synthesis than
incubations with LH or FSH alone.
In terms of oestradiol synthesis, the levels are too low to be
accurately measured in pigs 2 and except when testosterone has been
added to the incubation. The same levels of oestradiol are synthesized










































































































































































































































































































































detectable in pig 6, and this amount is significantly increased after
incubation, but is not affected by the addition of gonadotrophins or
cAMP. As in pigs 2 and 4, oestradiol synthesis is much increased when
testosterone is added, and again this conversion is unaffected by
gonadotrophins.
DISCUSSION
Although all three pigs had been treated in the same manner with
PMS and HCG to induce ovulation, and were all slaughtered 12 days after
ovulation, the control rate of synthesis of progesterone in vitro was
quite variable. Pig no. 6 more than doubled its original steroid content
during the incubation, whereas synthesis was much less in pigs 2 and 4.
Nevertheless, significant synthesis did occur during the 3 h incubation
period, which was not detected after five days of organ culture. This
difference in synthesis may in part be due to the length of time between
removal of the ovaries and being placed in the incubator. The amount of
control synthesis by pigs 2 and 4 was substantially lower than that found
by Cook et al. (1967) and Duncan et al. (i960), although these authors
used slices of tissue rather than minces, and from various stages of the
luteal phase, including the peak secretory phase around day 9 (Cook et al.
1967). In their experiments on washed minced bovine luteal tissue, Moody
and Hansel (1969) found that the larger the gap between the start of tissue
preparation and incubation, the lower the progesterone synthesis, and so
the time lag may well account for the differences in synthetic rates,
preparations
In all three pig X addition of bovine LH at a final concentration of
2 ^ug/ml significantly increased the progesterone level above that in the
control group. Therefore, this demonstrates that porcine corpora lutea -
at least 12 days after ovulation - can be stimulated to synthesize more
progesterone in vitro by bovine LH. This agrees with the findings of
Cook et al. (1967) and Watson and Leask (1975) and shows that it is not
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necessary for porcine tissue to "be tested with hormones of porcine origin.
Why Duncan et al. (1966) found no stimulation of in vitro progesterone
synthesis when adding pig pituitary homogenates is puzzling. A dose
effect is not likely to he the cause, as whole pituitary gland homogenates
were incubated with luteal tissue from the same animal, and tissue was
obtained from various stages of the cycle (including the critical age
around day 12) and pregnancy. They observed much control synthesis of
progesterone during the incubation, but no stimulation, and this could
well have been due to the fact that the tissue was not washed before
incubation. Moody and Hansel (1969) demonstrated that unwashed bovine
minced luteal tissue, although capable of progesterone synthesis, failed
to be stimulated by LH which routinely significantly stimulated
progesterone synthesis in washed minced preparations. An inhibitor of
HGG binding to granulosa cells has been extracted from porcine corpora
lutea by Sakai, Engel and Charming (1977). and although they found the
inhibitor to be present only after storage in the freezer for ly to 11
weeks, it could be that washing of the minced tissue before incubation
removed some of this inhibitor, which blocked the response to HCG in
unwashed tissue. Although the GL slices of Cook et al. (1967) were not
individually washed, the glands were placed in ice-cold Krebs Ringer
bicarbonate buffer before incubation. Also, the initial control period
of superfusion by Watson and Leask (1975) would be equivalent to washing
of the luteal slices before addition of the gonadotrophin.
In all three sets of incubations the addition of dibutyryl 3'5' cAMP
at a final concentration of 10 mM in the media significantly increasing
progesterone levels above those in the control groups, and in pigs 2 and
4 this was significantly higher than the incubations treated with bovine
LH. This larger increase of progesterone synthesis by cAMP could just
be a dose effect, in that the concentration of bovine LH used was sub-
maximal, or that occupancy of some extra LH receptors did not stimulate
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production of cAMP to the same extent as addition of cAMP. Birnbaumer
et al. (1976) were unable to stimulate adenyl cyclase by addition of LH,
but as they were using tissue obtained from the slaughterhouse, and it
was not accurately dated (just divided into cycling or pregnant), then
the tissue may not have been at a responsive stage of the cycle anyway.
Nevertheless, all the tissue responded to cAMP by synthesizing significantly
more progesterone than controls, and this was not the case in the organ
culture system, using tissue from the same animals and the same
concentration of dcAMP. This again shows that under the proper conditions
porcine luteal tissue can respond to addition of luteotrophic substances,
and that the organ culture system is not suitable for this type of study.
Addition of FSH (2 ^ug/ml) increased progesterone production
significantly in pigs 2 and 6, but not in pig This stimulation is
contrary to other reports of porcine (Cook et al. 1967)1 bovine (Hansel,
1971) or ovine corpora lutea (Domanski et al. 1967; McCracken et al. 1971)
both in vivo and in vitro. There is of course always the possibility
that some of the stimulation may have been due to LH contamination of the
FSH preparation (<0.1 NIH-LH-S1 units/mg). This possibility is
reinforced by the finding that when LH and FSH are added together there
is no synergism, and the results are not different from those obtained
when LH is added alone. However, Kolena and Channing (1972) incubating
porcine granulosa cells with 2 pg/ml FSH or LH reported that both
resulted in a three to five fold augmentation of 3'5' cyclic AMP content.
The stimulatory effect of LH being greater than that of FSH, and although
the effects of submaximal doses were additive, the effects of maximal
doses were not. All the same, it must be noted that these experiments
were carried out on only one cell type from the follicle, and not on true
luteal tissue. Nevertheless, there is some indication that FSH may
indeed have a luteotrophic role, though not so great as LH.
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The presence of testosterone alone in the media did not significantly
affect progesterone output, and testosterone + LH treated tissue again
was not significantly different to control levels. In pigs k and 6 this
was significantly lower than LH treated tissue. There was no stimulation
of progesterone production when testosterone + FSH was added to the media,
and thus from all these results it seems that the presence of testosterone
(100 ng/ml)suppresses the stimulatory effect of gonadotrophins, and
perhaps even control synthesis. In 1976, Schomherg et al. studying a
monolayer culture of immature porcine granulosa cells reported that DHT
(2.5 Jig/ml) stimulated progesterone secretion throughout culture, and
that oestradiol-17|3 and dehydtoepiandrosterone (both 2.5 J-ig/ml) markedly
depressed progesterone synthesis. They extended these observations to
include steroidogenesis by highly differentiated granulosa cells from
large porcine follicles (Haney and Schomberg, 1978) and conclude that
the relative amounts of androgen and oestrogen in follicular fluid may
determine the secretory capability of the granulosa cells. Thanki and
Channing (1978) using cultured 'luteinized' porcine granulosa cells from
follicles of various sizes found that in all cases FSH increased
progesterone secretion and that oestradiol inhibited this stimulation.
This inhibition was mimicked by testosterone, but not by DHT, Cortisol
or 17a oestradiol, and so the authors concluded that the testosterone
probably acted after being aromatized to oestradiol.
This inhibitory effect by oestradiol has also been demonstrated
using isolated bovine luteal cells (Williams and Marsh, 1978) and
isolated human luteal cells (Williams et al. 1979) an(l suggests that
oestrogens may be directly involved in functional luteolysis in these
species. These workers have also discovered oestradiol to have its
inhibitory action after the accumulation of cAMP (i.e. LH or HGG
stimulation of cAMP accumulation being unaffected by the presence of
oestradiol).
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The finding that oestradiol depresses the responsiveness of the
porcine corpus luteum in vitro is in contrast to several previous reports
that oestradiol may have a luteotrophic effect "both in vivo and in vitro
or to have no effect at all on progesterone production (Cook et al. 1968;
see General Introduction). In particular, Goldenherg et al. (1972)
reported that oestradiol (10 jig/ml) markedly increased progesterone
production "by 'spontaneously luteinized' porcine granulosa cells and that
this effect was synergistic with HOG and was inhibited by the presence
of cycloheximide. This oestradiol concentration is considerably higher
than was used in the above experiments, and no details of the possible
cross reactivity of the antibody used for the progesterone radioimmuno¬
assay are given. Also, the cells used were those which were 'luteinized'
in vitro and cultured for several days, and so may be considerably
different to those which were luteinized in vivo, and contain both theca
and granulosa cells. In fact, the results in Chapter 6 from dissociated
porcine luteal cells produce the same results as the above minced tissue,
and give no indication of androgen/oestrogen being luteotrophic.
The luteotrophic effects of oestradiol in vivo (Kidder et al. 1955;
Gardner et al. 1963; Chakrabarty et al. 1972; Kraeling et al. 1975;
Garbers and First, 1969) are apparently not the result of a direct effect
on the ovary, but of increasing the pituitary FSH and LH activity
(Chakraborty et al. 1972) and have no effect in hypophysectomized sows
(Du Mesnil du Buisson, 1966) or hypophysial stalk transected gilts
(Anderson et al. 1967)•
An experiment was carried out by Noveroske et al. (1969) to
determine the role of follicles as sources of oestrogen for the
maintenance of corpora lutea and pregnancy in swine. The removal of
follicles from one or both ovaries by irradiation did not alter
progesterone concentration or maintenance of pregnancy. However, the
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corpora lutea in those ovaries with irradiated follicles were
significantly heavier than corpora lutea from control ovaries, thus
suggesting that the oestrogen produced hy the follicles does not promote
luteal growth, hut even may inhibit corpora lutea.
Thus the results in Table 8 show that bLH, cAMP and possibly FSH
have luteotrophic effects on the porcine corpus luteum in vitro, and
that the luteotrophic effect of LH can be suppressed by the addition of
testosterone. This blockage may be very important in follicular
development and luteal regression, and it would be worthwhile to
determine if oestrogens have an effect on prostaglandin production by
the ovary and uterus.
Table 9 indicates that porcine luteal tissue certainly has the
capacity to aromatize testosterone to oestradiol, and so it is possible
that the suppression of gonadotrophin stimulation is occurring via
oestradiol as found in the other species mentioned above. Without
the addition of testosterone, oestradiol was undetectable in pigs 2 and k,
but was detectable and synthesized throughout incubation by pig 6. It is
not clear why the oestradiol levels should be higher in this particular
pig since all pigs were treated in the same manner and slaughtered at
the same stage of the cycle. Progesterone concentrations were also
higher in this animal. The presence of oestradiol (approximately
200 pg/mg) in all incubations from pig 6 did not apparently suppress
progesterone synthesis or response to hormones. Lemon and Loir (1977)
reported porcine LH to stimulate progesterone production from large and
small porcine luteal cells, but to have no effect on oestradiol levels.
From this study, it would be interesting to go on to determine
the steroidogenic capacity and responsiveness of each cell type in the
porcine corpus luteum throughout the luteal phase.
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CHAPTER 5
EFFECT OF HCG (LH) AND cAMP ON IN VITRO STEROID PRODUCTION
BY CORPORA LUTEA OF THE MENSTRUAL CYCLE AND ECTOPIC PREGNANCY
Effect of HOG (LH) and cAMP on in vitro steroid production by corpora
lutea of the menstrual cycle and ectopic pregnancy.
INTRODUCTION
Hammerstein, Rice and Savard (1964 ) carried out the first detailed
study of biosynthetic pathways in the human corpus luteum, although
previously some preliminary studies had been carried out (Zander, 1958;
Sweat et al. I96O; Warren et al. I96I; Huang and Pearlman, 1963) .
Hammerstein et al. demonstrated the regular formation of pregnenolone,
progesterone, 20a-dihydroprogesterone, 17-OH progesterone, and androstene-
ri4 1
dione, oestradiol-178 and oestrone from|_ CJacetate. Testosterone has
also been isolated (Huang and Pearlman, 1963)> tut the main route for
biosynthesis of oestrogen by human ovarian tissue is via androstenedione
(Ryan and Smith, 1965)• The main secretory products appear to be
progesterone, androstenedione and oestradiol (Mikhail, 1970; Lloyd et al.
1971) and these steroids have been detected in higher concentrations in
ovarian venous than peripheral venous blood (Baird, 1971)* The secretion
of oestradiol by the CL is responsible for the peak concentrations of
this hormone in plasma during the luteal phase (Brown, 1971; Abraham,
1974; Baird and Fraser, 1974)■
The interstitial tissue of the human ovary which is believed to
arise from degenerating medium sized and antral follicles (Mossman,
Koering and Terry, 1964) - histochemically and morphologically has the
characteristics of steroid secreting cells (Deane, Lobel and Romnay, 1962).
Stroma has been demonstrated to synthesize several steroids in vitro
(Savard et al. 1965) , the most significant of which is androstenedione
(Baird et al. 1974) .
Studies of steroid and prostaglandin content of CL throughout the
menstrual cycle (Shutt et al. 1975; Challis et al. 1976; Swanston
et al. 1977) showed progesterone, pregnenolone, oestradiol-178 and
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androstenedione to "be present in the highest amounts, and prostaglandin
F2a. oestrone and testosterone to a lesser degree. Progesterone and
pregnenolone were highest during the early luteal phase, and oestradiol-17P
and androstenedione peaked during the mid luteal phase.
Rice, Hammerstein and Savard (1964-.) attempted to asses the actions
of various gonadotrophins on steroidogenesis by human GL in vitro, and to
compare the steroidogenic capacities of CL isolated during the menstrual
cycle or ectopic pregnancy. They found both HLH and HGG to form increasing
ri41
amounts of radioactive steroid hormones fromi_ GJacetate while ovine LH
and prolactin had no effect on progesterone production and HFSH to result
in an increase which could easily be accounted for by its LH content.
These workers also detected greater incorporation of(j^c]acetate into
radioactive steroids by GL of ectopic pregnancy than GL from the menstrual
cycle. GL of early pregnancy were also found to respond to HGG (and
PG F2a) in terms of progesterone and oestradiol production and to vary
depending on the length of gestation (Suginami et al. 1976). Stimulation
of progesterone and in some cases oestradiol synthesis by HGG in CL of the
menstrual cycle and pregnancy has also been demonstrated by Santos and
Hermier (1973) and to be mediated via the secondary messenger cAMP
(Marsh and LeMaire, 197^)•
In vivo, it has been demonstrated that a single injection of HGG,
even in hypophysectomized women, will induce ovulation and produce a
luteal phase which both in terms of progesterone secretion and in length
is indistinguishable from the postovulatory phase of a normal spontaneous
cycle (Vande Wiele and Turksey, 1965). However, HGG is very slowly
metabolized in the blood stream (Rizkallah, Gurpide and Vande Wiele, 1969)
and therefore Vande Wiele et al. (1970) demonstrated that induction of
ovulation with highly purified LH resulted in a short luteal phase and
low progesterone. Thus, they concluded that, unlike the pig whose GL
is autonomous (du Mesnil du Buisson and Leglise, 1963), but similar to the
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sheep (Kaltenbach et al. 1968), the human CL requires additional luteo-
trophic stimulus for normal function. Following ovulation, LH levels
decline rapidly to levels that are lower than those in the preovulatory
phase (Cargille et al. 1969), hut it has been shown that for normal
function the CL requires the continuous presence of small amounts of LH
Vande Wiele et al. 1970). Dell'Acqua et al. (1977) demonstrated that
administration of HCG in vivo resulted in an increased release of steroids
from the ovary.
A study of gonadotrophin receptor interaction in the CL might be
very informative, as the primary event in gonadotrophin action is the
binding of the hormone to its specific receptors in target tissue.
Specific binding of gonadotrophins to human CL of the menstrual cycle
has been demonstrated by Cole et al. (1973)1 Lee et al. (1973)1 Rao,
Griffin and Corman (1977)> but there is some controversy as to whether
CL from intrauterine or ectopic pregnancies have vacant receptors.
Although measurement of HCG receptors is useful in elucidating the
factors controlling the lifespan of the CL, the presence and number of
these receptors must be related to subsequent steroidogenesis. Thus, it
was thought to be of value to carry out a study on accurately dated CL
measuring both gonadotrophin receptor availability and response to
gonadotrophin stimulation in terms of steroidogenesis. Also, it would
be meaningful to examine the effect of dibutyryl eAMP on CL recovered,
since cAMP has been demonstrated to mimic the effect of HCG and LH (Le Maire
et al. 1971) • The levels of cAMP are increased by LH and HCG (Marsh and
Le Maire, 197^; Savard et al. 1965; Marsh, 1976; Dorrington and





Corpora lutea were obtained throughout the luteal phase or early
pregnancy from women undergoing surgery for non-endocrine disorders
(e.g. fibroids, dysfunctional uterine bleeding, ectopic pregnancy).
Immediately after removal the CL were brought to the laboratory, trimmed
free of connective tissue, weighed and placed on ice.
Dating of the menstrual cycle
A peripheral blood sample (15-20 ml) and an endometrial biopsy
were obtained just prior to and during the operation. The endometrium
was examined histologically and dated according to the criteria of Noyes,
Hertig and Rock (1950). The stage of the menstrual cycle and ectopic
pregnancy was assessed in all subjects from (a) date of the last menstrual
period, (b) the levels of LH, FSH, oestradiol and progesterone in plasma,
(c) endometrial histology and histology of the CL itself, and (d) tissue
concentration of progesterone, oestradiol and prostaglandin Fp^
(Swanston, McNatty and Baird, 1977)•
In some cases the patients were 'tracked' before admission for
surgery and so the day of ovulation could be pinpointed with a fair
degree of accuracy. The 'tracking' took the form of daily blood sampling
and subsequent radioimmunoassay for progesterone, oestradiol, LH and FSH,
or alternatively measurement of oestrogen in 24 h urine collections.
The age of CL obtained from ectopic pregnancies was determined from the
date of the last menstrual period experienced by the patient. Informed
consent for the removal of the CL was obtained from the patient in every
case prior to the operation.
For this study CL were divided into 3 phases - early (days 1-5)
mid (days 6-10) and late (days 11 to menstruation) luteal phase. The
day of ovulation was taken as day 1.
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Preparation of Tissue for Incubation
After weighing,a portion of the CL (approximately 100 mg) was
fixed in formalin for subsequent histological examination, another portion
homogenized and assayed for hormone content by the method of Swanston
et al. (1977) and a third piece stored at -20°G until determination of
receptor population was carried out.
Approximately half of the original CL was used for incubations.
This tissue was minced, washed, weighed and incubated in EMEM as
described for the porcine tissue in Chapter k. Incubations were carried
out at least in quadruplicate, with some tissue retained for assessment
of steroid content of the tissue before incubation. Progesterone and
oestradiol were assayed directly in both the homogenate and media
without prior extraction. Initially, time curves were constructed from
100 pil aliquots of the media removed at various times and assayed for
progesterone. Subsequently, time curves were obtained by setting up
several control incubations and removing three incubations (media and
tissue) at various time intervals. Both media and tissue were then
assayed for progesterone and oestradiol (see Chapter 2).
Dose response curves were prepared by incubating the CL with
increasing concentrations of a particular hormone for 3 hours.
The HCG used in these experiments was obtained from Sigma Chemical
Co. Ltd. in batches of 5,000 iu. Prior to use this was dissolved in
5 ml EMEM, and 20 p.1 of this HCG solution added to the 2 ml media in each
vial to give a final concentration of 10 iu/ml. Up to 1 ml of HCG was
added to 1 ml of media for the concentration curves. Dibutyryl 3'5' cAMP
was also obtained from Sigma Ltd. (100 mg), dissolved in EMEM and 0.2 ml
added to the incubations to give a final concentration of 10 mM. The LH
was supplied by Professor W .R. Butt and Dr. S.S. Lynch and contained
<0.1% FSH. LH was dissolved in EMEM and stored at -20°C in small
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aliquots of 2,000 mu/ml so that addition of 20 pi aliquots to the
incubations resulted in a final concentration of 20 mu/ml. (l mg LH
is equivalent to 6000 iu.)
Statistical Analyses
Production rates of steroid "by the tissue were calculated by
subtracting the mean of the original steroid content of the tissue before
incubation from the individual values after incubation. This then gave
the amount of steroid produced per g. tissue per 3 h. A paired t test
was then carried out between the production by the control incubations
and production by stimulated incubations.
Individual ectopic CL were analysed by the Student's t test.
Measurement of HGG Receptors
After storage at -20°G for a maximum of 8 months the GL were thawed
and buffer (tris buffer + 1% BSA) added to each aliquot to give a final
concentration of approximately 100 mg tissue per ml of buffer. Each
piece of tissue was then homogenized in the buffer using a polytron
sonicator for 15 seconds. 100 pi of the homogenate was then removed
for subsequent DNA estimation (Burton, 1956) since it was thought valuable
to correlate receptor number per pg DNA rather than per weight of tissue,
due to the presence of much blood which may inflate the weight of actual
luteal tissue. 100 pi of the homogenate was aliquoted into each of
3 incubation tubes and 20 pi of HGG (13,200 iu/mg) added to one tube to
give a final concentration of 50 Iu (non specific binding) and 20 pi
buffer added to the other two tubes. 50 pi of [^-'iJ-HCG (100,000 cpm)
specific activity 70 pCi/ug was added to all tubes and also to two tubes
containing an 120 pi buffer - to give the total counts added. All tubes
were then incubated in a shaking water bath for 3 h at 37°G. 3 ml saline
was added to each tube which was then shaken and centrifuged at 200 g for
30 min: the supernatant was discarded and the pellets and two 'total'
n4
count tubes counted for 100 sec. in a gamma spectrometer.
The tuhe which contained the excess cold HGG was taken as the
level of non specific binding for that particular tissue, and was
subtracted from the counts bound in the other two tubes.
Specificity of thej3^l]-HCG binding was determined by incubating
homogenate and labelled hormone in the presence of vast excesses of
other human pituitary hormones (i.e. HLH (68/4-0) MRC standard) from
6-100 mu and HFSH (CPDS 16), H prolactin (Friesen 78-5-18) HGH (NIH - GH
2160E) and HTSH at concentrations of 100 and 400 mu. An inhibition
curve for HGG was constructed by incubating homogenate and label in the
presence of 0.2, 0.4, 0.8, 2.5. 5«0> 10.0 and 20 iu HGG. The binding
of HGG to the homogenate was measured after various times (15> 30, 45,
60, 90 and 180 min.) of incubation.
Hormone Levels in Plasma
Gonadotrophin (LH, FSH, HGG and prolactin) assays were carried out
by Drs. A.S. McNeilly and R,M. Sharpe using specific, sensitive assays.
The steroid levels in plasma were measured by Mr. I.A. Swanston.
RESULTS
The pattern of steroid secretion into the culture medium is shown
in Fig. 23 and both progesterone and oestradiol follow the same pattern.
Progesterone levels are approximately 10 times higher than oestradiol.
Addition of HGG or cAMP increases progesterone secretion into the media
(Fig. 24). Concentrations of progesterone and oestradiol in the media
plus tissue are shown in Fig. 25 and again both are increased by the
presence of HCG. Thus, all subsequent incubations followed this format
of 3 h incubations, with both media and tissue being assayed after
incubation, and the results combined.
Dose response curves for the effect of HGG on CL of different ages
are shown in Fig. 26. Maximal stimulation appears to occur at a final
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time of incubation (h)
•= progesterone
o = oestradiol
Figure 23 Secretion of progesterpne and oestradiol into the media
over 2k h. Each point is the mean - sem of 3 samples. Solid circles
represent progesterone, and the open circles oestradiol.
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o + HCG (1Qiu/ml)
t ime of incubation (h)
Figure 24 Secretion of progesterone into the media after 1, 2 and
3 h in control incubations (solid circles) and incubations + HCG (open
circles) and incubations + cAMP (solid squares). Each point is the
mean - sem of 4 samples.
* p < .05 ** p < .025. (Student's t test)
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• control
time of incubation (h)
Figure 25a Concentration of progesterone in media plus tissue after
1, 2 and 3 h in control incubations (solid circles) and incubations +
HOG (open circles). Each point is the mean - sem of triplicate
incubations.
* p < .03 ** p < .025 *** p < .01 (Student's t test)
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O + HCG (1 Oiu/ml)
time of incubation (h)
Figure 25b Concentration of" oestradiol in media plus tissue after
1, 2 and 3 h in control incubations (solid circles) and incubations +
HCG (open circles). Each point is the mean - sem of triplicate
incubations.
* p < .05 ** p < .025 *** p < .01 (Student's t test)
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• =progesterone
Figure 26 Progesterone (solid circles) and oestradiol (open circles)
responses to increasing concentrations of HOG . Results are expressed
as percentage increase above the control level of synthesis. Each point
is the mean of duplicate incubations.
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concentration of 50 iu/ml, and again progesterone and oestradiol show the
same pattern of responsiveness. A CL from ectopic pregnancy was also
incubated with various concentrations of HCG (Fig. 27) and found to be
less responsive than CL from the menstrual cycle at least in terms of
progesterone synthesis.
A total of 19 CL from throughout the luteal phase were tested for
responsiveness to HCG, and 11 to cAMP. The results are in Figs. 28 and
29 and show that HCG (10 iu/ml) significantly stimulates progesterone
production at all stages of the luteal phase, and oestradiol production
in the mid and late phases, but not significantly in the early luteal
phase which is rather variable. cAMP (10 mM) significantly stimulates
both progesterone and oestradiol production at all stages, again except
for the .early luteal phase where the increase in progesterone production
is not significant. Steroid production is generally greatest by the
early tissue, but even the late tissue is still biosynthetically active
and responsive to gonadotrophins. The steroid levels in all tissues
combined before incubation are shown in Fig. 30, and indicate that
progesterone content is highest during the mid luteal phase, and
oestradiol, although variable, is highest during the early luteal phase.
Table 10 illustrates the distribution of steroid in media and tissue
after control and stimulated incubation, and it can be seen that HCG
stimulates both synthesis and secretion by the same amount, and thus
the distribution of the steroid between the media and the tissue remains
the same.
Three CL were incubated with LH (20 mu/ml), and the production
rates are shown in Fig. 31* The Figure displays that LH, like HCG,
stimulates both progesterone and oestradiol production.
Figs. 32 and 33 illustrate the effect of HCG (and in some cases




HCG concent ratio n(iu/ni)
Figure 27 Progesterone (solid circles) and oestradiol (open circles)
responses "by a CL from ectopic pregnancy to increasing concentrations of
HGG. Results are expressed as percentage increase a"bove the control
level of synthesis. Each point is the mean of duplicate incubations.
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n = 5 n = 7 n -7
Figure 28 Progesterone and oestradiol production "by control (open "bars)
and plus HOI (hatched bars) CL throughout the luteal phase. The stage of
the CL and numbers in each group are shown along the horizontal axis.
Statistical analysis was carried out using the paired t test.























Figure 29 Progesterone and oestradiol production by control (open bars)
and plus cAMP (hatched bars) GL throughout the luteal phase. The stage of
the CI and numbers in each group are shown along the horizontal axis.
Statistical analysis was carried out using the paired t test.
* p < . 05 ** p < . 025 *** p < . 01 **** p <. 005
12'l-
EARLY MID LATE
n =3 n-U n=£
TABLE 10
Distribution of progesterone and, oestradlol between







of GL in media in tissue in media in tissue
Progesterone distribution
Early 42.8 57-2 38.2 61.8
n = 5 16.2 16.2 16.2 +6.2
Mid 39.5 60.5 38.2 61.8
n = 7 18.6 18.6 18.8 18.8
Late 37.7 42.3 50.0 50.0
n = 7 ±6.3 16.3 18.6 18.6
Oestradiol distribution
Early 35-4 64.6 29.0 71.0
n = 5 15.3 15-3 15.2 15.2
Mid 41.2 58.8 ^ 43.7 56.3
n = 7 19.2 19.2 -9.7 19.7
Late 38.0 62.0 38.0 62.0
n = 7 12.3 t2.3 13.5 13.5
Each value is the mean _ sem of all CL recovered at the same stage
































Figure 30 Progesterone and oestradiol content of CL before incubation.
The age of the CL and numbers in each group are shown along the





n = 5 n-L n = 5
Figure 31 Progesterone and oestradiol production by control (open bars)
and plus LH (hatched bars) by 3 OL. The age of the CL and numbers of
replicates within each CL is shown along the horizontal axis. Statistical
analysis was carried out using the Student's t test. Vertical bars
represent + 1 sem.













































Peripheral plasma levels of HGG and duration of the pregnancy are
summarized in Tahle 11. Only one corpus luteum responded to HGG and
cAMP in terms of significantly stimulated oestradiol production hut
three CL were responsive in terms of progesterone production. There
is no apparent correlation between duration of pregnancy or HGG level
and responsiveness to HGG or cAMP. However, the sample number is very
small.
HGG receptors become saturated after a 3 hour incubation (Fig. 33)
and thus a 3 hour incubation period was used for all subsequent binding
estimations. The specificity curves (Fig. 3*0 demonstrate that HFSH,
HTSH and H prolactin do not compete for receptors withjj^^lj-HCG, but as
would be expected, HLH does compete. Table 12 is a summary of the
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I-HGG binding to 18 CL recovered throughout the luteal phase.
Binding is expressed as pg HGG bound per pg DNA. Weights of the corpora
lutea, extra steroid synthesized in response to HGG and plasma hormone
levels aire also included.
DISCUSSION
The graphs of steroid secretion against time show that progesterone
and oestradiol follow a similar pattern, and that the rate of secretion
gradually declines after about 8 h. of incubation. A 3 h. incubation
period was chosen for all subsequent experiments, and in fact Seifart
and Hansel (1968) incubating bovine CL found that the LH induced
stimulation of net progesterone synthesis during b h.was similar to that
obtained during 2 h. Since there was a possibility of leakage from the
tissue into the media, a graph was constructed of total steroid
concentration (i.e. the sum of the concentration in the tissue and media)
against time, and after stimulation with HGG. It was decided that this




HGG levels and duration of ectopic pregnancy
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time of incubation (mini
Figure 33 BindingP^lj-HCG ■with increasing incubating times.




concentration of hormone (mu)
Figure Jk Specificity of \_ IJ-HCG "binding. Luteal homogenate was
incuhated with (p25i]-HCG and increasing concentrations of HCG (solid
circles) HLH (open circle^ and HFSH, H prolactin and HOG (squares).
Each point is the mean of duplicate incubations.
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Dose response curves were prepared, both to check out the in vitro
system, and also the dose to be used in future experiments. The dose of
HCG (10 iu/ml) had until then been arbitrarilly chosen, based on previous
experiments in vitro, and physiological levels during pregnancy
(Vaitukaitis, 1977)- A very high dose of HGG has been demonstrated to
produce submaximal stimulation in both human (Savard et al. 1965) an(^
bovine (Mason et al. 1962) luteal tissue incubations. In this study, a
levelling off of stimulation was noted at about 50 in/mli an<^ for all
subsequent experiments HGG was added to give a final concentration of
10 iu/ml. The CL from ectopic pregnancy was certainly less responsive
in terms of progesterone synthesis than oestradiol, and this is contrary
to what would be expected from Fig. 32, where GL were generally more
responsive in terms of progesterone than oestradiol production. However,
the dose response curve was carried out on only one GL (E3) and in fact
this was the only GL in which HGG was found to significantly stimulate
oestradiol synthesis.
The responses to both HGG and cAMP are similar (Figs. 27 and 28)
although the responses to cAMP are more consistent throughout the
different ages of GL. The results certainly show that cAMP mimics
LH/HCG (Le Maire, Askari and Savard, 1971) , and that the HGG responses
are more variable presumably due to changes in receptor availability.
As expected, incubated GL respond to LH in the same manner as HCSG.
The original steroid content of the CL differ from the results
obtained by Swanston et al. (1977)■ In their study they found progesterone
concentration to peak in the early luteal phase and oestradiol in the mid
luteal phase. However, Fig. 30 shows progesterone concentration to reach
a maximum during the mid luteal phase, and oestradiol to peak in the early
luteal phase. It should be pointed out however that there was much
variation between oestradiol concentration in the early GL, and also much
larger numbers were examined by Swanston et al.
13^
The HGG stimulation results confirm those by previous workers
(Rice et al. 1964' ; Savard et al. 1965; Marsh and Le Maire, 1974;
Suginami et al. 1976) but show that the increase in production is not
totally dependent on the availability of receptors (Table 12). In
fact, by far the most HGG is bound during the mid luteal phase, and this
is the age at which both progesterone and oestradiol responsiveness is
least. Thus it appears that the availability of receptors is not the
major controlling factor in steroidogenesis, and that there is some sort
of steroidogenic limitation within the cell itself. A process of
densitization of cells to HGG induced by injection of HGG has been
described by several workers (Hunzicker-Dunn and Birnbaumer, 1976,
Sharpe, 1977; Anderson et al. 1979; Hunzicker-Dunn et al. 1979)>
following initial observations by Marsh et al. (1973) and Lamprecht
et al. (1973)* The steroidogenic capacity of the tissues was reduced
after exposure to HGG , and this could not be explained by the loss of
LH/HCG receptors that occurs after HGG treatment. It is possible, that
some form of desensitization had occurred to the mid-phase corpora lutea.
Figs. 33 and 34 indicate that optimal conditions for binding were
used, and that the binding was specific for HGG and HLH. Plasma
progesterone and oestradiol levels are highest during the early and mid
luteal phases, and LH and FSH levels are within normal ranges and highest
during the early luteal phase. However, prolactin levels are considerably
elevated above the normal range (Robyn et al. 1973; McNeilly, 1973. 1974;
McNeilly and Chard, 197^) and this is probably due to the effect of
anaesthesia on the subjects, as it has previously been demonstrated to
increase prolactin levels (Robyn et al. 1973; McNatty et al. 1975)?
There is some disagreement in the literature as to whether corpora
lutea of pregnancy have free receptors, and whether or not they are
responsive to gonadotrophins. Tissue has been reported to be responsive
or have vacant receptors (Rice et al. 1964; Le Maire et al. 1971; Suginami
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et al. 1976; Lee et al. 1973) and to "be refractory and have occupied
receptors "by Rao et al. (1977). Cole et al. (1973). Williams et al. (1979)*
The refractoriness to gonadotroph!ns has also "been demonstrated using
isolated luteal cells from pregnant rhesus monkeys (Stouffer et al. 1976)
They attributed the refractoriness to prolonged exposure
to mCG . However they also describe the degree of refractoriness to
depend on the age of gestation. The results in Table 11 are really too
sparse to tell if there is any correlation between duration of pregnancy,
HGG levels and responsiveness, but nevertheless the fact remains that some
CL were responsive to HCG. Also, the degree of refractoriness may be
affected because these CL were obtained from women with ectopic pregnancies
and Wide (1962) reported that HCG levels during ectopic pregnancies were
often half the value of those at a comparable stage of intra-uterine
pregnancy. Indeed the HCG levels measured are well below those of the
normal range (Vaitukaitis, 1977)- This may also explain some of the
controversy as to whether or not CL of pregnancy have vacant receptors and
are responsive to gonadotropins, in that CL obtained from ectopic pregnancy
may have been exposed to lower levels of HCG in vivo, and so may still have
vacant receptors and be able to be further stimulated. A low level of
binding has been detected in ectopic CL, but no binding in CL of intra¬
uterine pregnancy (A.S. McNeilly, personal communication).
The distribution of steroid between media and tissue (Table 10)
shows that HCG stimulates both synthesis and secretion by the same amounts,
and that the ratios in media and tissue are the same after control and
stimulated incubation.
Thus, HCG (LH) and cAMP enhance both progesterone and oestradiol
synthesis throughout the luteal phase by varying amounts. This amount
of stimulation does not correlate with the numbers of vacant receptors.
However, it must be remembered that these incubation experiments were
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carried out in vitro, and it could "be suggested that the mid-phase CL
have lower control and stimulated rates of synthesis "because of some sort
of feedback inhibition. This is unlikely, however, because during the
incubation early GL have synthesized and been stimulated to synthesize
progesterone and oestradiol levels much greater than those of the mid
phase CL. Also, Moody and Hansel (1968) incubating slices of bovine GL
concluded that even with progesterone levels as high as 250 jig per gram
of tissue, feedback inhibition of progesterone did not play an important
role.
Corpora lutea from ectopic pregnancy are neither consistently
responsive or refractory to stimulation, and this may be dependent both
on the length of gestation, and to what levels of HGG the tissue has been




EFFECT OF PROLACTIN AND FSH ON IN VITRO STEROID PRODUCTION
BY HUMAN CORPORA LUTEA OF THE MENSTRUAL CYCLE AND
FROM ECTOPIC PREGNANCY
Effect of prolactin and FSH on in vitro steroid production by human
corpora lutea of the menstrual cycle and from ectopic pregnancy.
INTRODUCTION
Although prolactin has been demonstrated to constitute part of the
luteotrophic complex necessary for the maintenance and secretory activity
of the corpus luteum in several species (Astwood, 1941; Evans et al. 1941;
Koevacic, 1964; Greenwald and Rothchild, 1968; Spies et al. 1968;
Denamur, 1973) some authors douht its significance in the human, and feel
that LH alone is the only gonadotrophin required for luteal maintenance
(Vande Wiele et al. 1970; McNeilly et al. 1973; Robyn et al. 1973;
Tyson and Friesen, 1973)* Also, no effect of ovine or human prolactin
could be demonstrated on human luteal tissue in vitro (Rice et al. 1964b;
Savard et al. 1965).
Nevertheless, McNatty et al. (1974) felt that prolactin may play a
'permissive' role, and so they studied the production of progesterone by
human granulosa cells in vitro, both in the absence and presence of
prolactin. The results they obtained showed that the production of
progesterone required low physiological levels of prolactin, whereas high
concentrations were inhibitory. It was therefore decided to examine
progesterone and oestradiol production by human CL in the presence of
prolactin.
FSH (along with LH) has classically been regarded as having its
major role in growth and differentiation of the follicle (Lostroh and
Johnson, I96O; Peters et al. 1973; Schwartz, 1973. Baker and 0, 1976;
Richards, Rao and Ireland, 1976; Yoshinaga, 1977) a-nd early investigators
could detect no effect of FSH on luteal function. Rice et al. (1964 )
studying the function of slices of human luteal tissue in vitro reported
that the addition of HFSH (33 9*g) had no effect on acetate incorporation
into progesterone, apart from a small effect which could be accounted for
by the level of LH contamination in the FSH. Similar results have been
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obtained, for slices of bovine CL (Mason et al. I96O; Mason et al. 1964)
in that any increased progesterone biosynthesis was shown to be due to
the small amount of LH activity in the FSH preparation. Furthermore,
Savard et al. (1965) concluded that only preparations of human gonado-
trophins were effective in stimulating steroidogenesis in the human CL,
and attributed the steroidogenotrophic activity to the LH activity.
In view of the demonstrations by Vande Wiele et al. (1970) that
ovulation could be induced and the CL maintained by injections of LH alone,
the possible role of FSH during the luteal phase has been largely neglected
during recent years. Experimentation has also been hampered by the lack
of pure FSH preparations, - that is those with minimal LH activity.
However, recent demonstrations that specific stimulation at the aromatase
level in both testicular and ovarian cells could be elicited by FSH
(Dorrington and Armstrong, 1975» Moon, Dorrington and Armstrong, 1975;
Armstrong and Papkoff, 1976; Armstrong and Dorrington, 1977; Fortune
and Armstrong, 1978; Erickson and Hsueh, 1978) resulted in a reexamination
of the effect of FSH on steroidogenesis by the human CL in vitro. This
is particularly relevant to studies on the human CL, since this gland
(unlike those in most species) secretes both progesterone and oestradiol
as well as a range of intermediates (Savard, Marsh and Rice, 1965).
Baird et al. (1975) Pu"t forward the theory that variation in the
length of the follicular phase between mammals may be related to the
cellular origin of the oestradiol secreted during the luteal phase.
For example, in the sheep the source of oestradiol is the Qraafian follicle
and follicular development proceeds unimpaired throughout the luteal phase
(Baird et al. 1973; Brand and DeJong, 1973)• Thus the follicular phase
which involves only the final stages of maturation of the graafian
follicle, is relatively short. By contrast, in most primates the CL is
an extra follicular source of oestrogen (Savard et al. 1965; Mikhail,
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1970; Stevens et al. 1970; Graham et al. 1972; Knobil, 197*0 a.nd thus
the secretion of gonadotropins is suppressed during each luteal phase
to a level too low to initiate and maintain follicular development
(Vaitukaitis et al. 1971? Tsai and Yen, 1971; Knohil, 197*+): thus the
follicular phase is longer in primates than in sheep.
Oestrogen has also been implicated as part of a luteolytic factor,
since Hoffmann (i960) showed that injections of oestradiol into the ovary
caused an early onset of menstrual bleeding. It has subsequently been
demonstrated that oestriol and synthetic steroidal and non-steroidal
oestrogens could advance the onset of menstruation by up to 4 days (Johan¬
sson and Gemzell, 1971; Gore et al. 1973; Vahapassi and Adlercruetz,
1975)• Garner and Armstrong (1977) reported the ability of HOG to
maintain serum levels of progesterone to be antagonized by oestradiol,
and Williams et al. (1979) demonstrated that oestradiol inhibited HGG
stimulation of human luteal cells in vitro. Oestrogen has also been
shown to be luteolytic in the monkey (Auletta et al. 1972; Karsh et al.
1972; Knobil, 1973; Butler et al. 1975).
Thus it was felt that if oestradiol is involved in luteolysis,
then a more precise study of the control of oestradiol secretion should
be carried out.
MATERIALS AND METHODS
Collection and Dating of Tissue and Incubations
The procedures used have been described before in Chapter 5*
Hormones
Purified human FSH (Butt, CPDS-16, 5>000 iu/mg) containing <. 0.1%
LH was dissolved in EMEM to a final concentration of 2000 mu/ml and
stored in small aliquots at -20°C. The standard addition of 20 jil FSH
to the incubations resulted in a final concentration of 20 mu/ml in the
medium.
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Purified human prolactin was supplied by Dr. H. Friesen and
contained < 0.05% LH and FSH. The prolactin was again made up in EMEM
and stored at -20°C at two concentrations:- 2,000 and 20,000 ng/ml,
so that addition to the incubations of 20 pil resulted in final
concentrations of 20 and 200 ng/ml.
Tissue homogenizations and radioimmunoassays were canried out as
described in Chapters 2 and
RESULTS
The effects of addition of both levels of prolactin to four corpora
lutea on progesterone and oestradiol production is shown in Fig. 35 •
Prolactin alone has no significant effects on progesterone or oestradiol
production in any of the sets of incubations. However, Figs. 36 and 37
demonstrate that when prolactin (20 and 200 ng/ml) is added to the
incubations along with HCG (10 iu/ml) then both the progesterone and
oestradiol in early and late CL are significantly increased above the
production rate from HCG alone. In only one of the three mid phase CL
was progesterone production significantly enhanced, and thus when a
paired t test on all the results was carried out, the overall increases
in production of progesterone or oestradiol were not significant (P > 0.05).
Thus it did not seem valid to pool all the CL of different ages. In all
these incubations, additions of low and high prolactin did not significantly
affect steroidogenesis, while HCG enhanced steroid production.
The steroid levels achieved by two corpora lutea recovered during
the early and mid luteal phase and one from ectopic pregnancy in response
to increasing doses of FSH are shown in Fig. 38. The results are plotted
as a percentage increase elicited by FSH above the control level of
synthesis. The curves show oestradiol synthesis to be generally greater
than progesterone in the presence of FSH, although the mid phase CL is
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Figure J>6 Progesterone production "by 6 corpora lutea in the presence
of HCG , HCG + low prolactin and HCG + high prolactin. Open tars
represent incutation with HCG (10 iu/ml), hatched tars incutation with
HCG and low prolactin (20 ng/ml) and solid tars incutation with HCG and
high prolactin (200 ng/ml). Each tar is the mean of quadruplicate
incutations, and vertical tars represent Isem.
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Figure 37 Oestradiol production "by 6 corpora lutea in the presence
of HCG , HCG + low prolactin and HCG + high prolactin. Open "bars
represent incubation with HCG (10 iu/ml), hatched "bars incubation with
HCG and low prolactin (20 ng/ml) and solid bars incubation with HCG
and high prolactin (200 ng/ml). Each bar is the mean of quadruplicate
incubations, and vertical bars represent lsem.


























Figure 38 Progesterone and. oestradiol responses to increasing doses
of HFSH, in terms of increases above basal rate of synthesis. Solid
circles represent progesterone and open circles oestradiol. A is a
corpus luteum recovered from the mid luteal phase and B a corpus luteum
recovered during early luteal phase and C recovered from ectopic
pregnancy. All points are the means of duplicate incubations.
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The production rates for both progesterone and oestradiol under the
influence of FSH are shown in Fig. 39- At no stage of the luteal phase
is progesterone production significantly enhanced "by FSH, whereas
oestradiol production is significantly increased in the early and mid
luteal phase.
Corpora lutea recovered from ectopic pregnancy were also incubated
with FSH, and the production rates plotted in Fig. 40. No significant
differences were noted (paired t test) for either steroid.
Oestradiol distribution "between media and tissue from the menstrual
cycle was found to "be the same, after control and FSH stimulated
incubations (Table 13).
DISCUSSION
The results of the incubations with human prolactin at concentrations
of 20 and 200 ng/nl (the same concentrations as those used by McNatty et al.
197*0 show that prolactin alone has no immediate effect on steroidogenesis
by human CL in vitro. The system used here to test the effect of the
hormone was vastly different-frotuthat used by McNatty et al. (197*0 in that
this was a short term incubation of pieces of actual luteal tissue
containing both granulosa and theca lutein cells, whereas McNatty used
a long term culture system growing a monolayer of granulosa cells luteinized
in vitro. These monolayers were grown in the presence of serum, which
means that a low level of gonadotrophins was always present. The presence
of even small levels of gonadotrophins may have been a significant factor,
because in the subsequent incubations when HCG and prolactin were added
together, in several incubations the steroid production was significantly
increased above the production with HGG alone. This effect also appeared
to be dose dependent as the presence of the higher level of prolactin
usually resulted in a larger increase in steroid production. This is in
agreement with the results of McNatty et al. (197**-) in that a low level of
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n=3 n = 5 n = 5
Figure 39 Progesterone and oestradiol production "by control (open
"bars) and plus FSH 20 mu/ml (hatched "bars) CL throughout the luteal
phase. The stage of the CL and numbers in each group are shown along
the horizontal axis. Statistical analysis wps carried out using the
paired t test.
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0 n = 5
Figure 40 Progesterone and oestradiol production by corpora lutea
recovered from ectopic pregnancy, numbers of which are shown along the
horizontal axis. Open bars represent control incubations, and hatched
bars incubations plus HFSH (20 mu/ml). There were no significant
differences between the groups (paired t test).
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TABLE 13
Distribution of oestradiol between tissue and media
% of total after % of total after
control incubation incubation + FSH
Tissue Media Tissue Media
Early 30.0 70.0 32.3 67.7
n = 3 -6.5 16.5 12.4 1+ to V
Mid 24.3 75-7 22.3 77-8
n = 5 t3.6 13.6 00"V+1 15.8
Late 34.8 65.2 37.8 62.2
n = 5 ti.5 li.5 14.7 14.7
Each value is the mean - sem.
1*4-9
prolactin was required to maintain progesterone production "by human
granulosa cells. Specific receptors for prolactin have been detected
in the human ovary (Saito and Saxena, 1975) > 6ut it appears that inter¬
action of prolactin with its receptor does not stimulate adenylate
cyclase (Mason et al. 1973)* This would explain the finding that
prolactin alone does not stimulate steroidogenesis. However, prolactin
is involved in the formation and maintenance of LH receptors (Holt et al.
1976; Richards and Williams, 1976) and may influence the 'pool' of
steroid precursors available for progesterone synthesis (Armstrong et al.
1970; Behrman et al. 1970)• Also, women with normal menstrual cycles
when treated with bromocryptine (Schulz et al. 1976) and hyperprolactinaemic
amenorrhoeic patients (Muhlenstedt et al. 1977) in whom prolactin levels
were suppressed below normal, were associated with corpus luteum
insufficiency, supporting the concept that prolactin is required to
maintain progesterone production.
The finding by McNatty et al. that high levels of prolactin inhibit
progesterone production by human granulosa cells is not supported by the
above incubations. There are several explanations for this, including
the source of the tissue used for culture (CL versus isolated granulosa
cells), culture methods and length of culture period. It may well be
that in the short term incubations using explants of the tissue, that
prolactin cannot reach all the cells in sufficient concentration to result
in inhibition. The other system using a monolayer of granulosa cells
would have no barrier to prolactin reaching all the cells in high
concentrations, and also the long term culture would ensure sufficient
time for prolactin to bind to each cell.
The dose response curves indicate that FSH is capable of eliciting
a response from human CL in vitro, particularly from those recovered
during the early luteal phase, and that this response leads to increased
oestradiol production but not that of progesterone (or at least not to the
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same extent) . This result was confirmed "by subsequent incubations of
13 CL throughout the luteal phase treated with just one concentration
of FSH (20 mu/ml) which was in the middle of the dose response curve.
This dose was also thought to be physiological in terms of the circulating
levels of FSH during the menstrual cycle (Midgley and Jaffe, 1968;
Ross et al. 1970$ Vande Wiele et al. 1970; Mishell et al. 1971; Dhont
et al. 197^5 Dodson et al. 1975; Abraham et al. 1977)- The FSH used
in these experiments was purified and contained less than 0.1% LH, and
so the effect of FSH cannot be attributed to LH contamination, except
perhaps at the very high levels of the dose response curve. In any
event, although there was a low level of stimulation of progesterone
production in the dose response curves, when FSH was added at only one
concentration (20 mu/ml) oestradiol production was significantly
stimulated during the early and mid luteal phase, and at no stage was
progesterone production significantly enhanced. It is unlikely that
oestradiol production is more sensitive to LH stimulation, as in the
previous chapter it was demonstrated that increasing levels of HCG
resulted in similar responses by both progesterone and oestradiol.
Early studies on the effect of FSH on the human CL in vitro showed
\ l4 "|
FSH to have no effect on[_ Cjacetabe incorporation into progesterone,
and this is consistent with the above findings that FSH does not alter
progesterone synthesis (Rice et al. 19&* ; Savard et al. 1965)• However,
fl4 ~|if the authors had examined the effect of FSH on the incorporation of [_ Cl
acetate into oestradiol, then they might have demonstrated an effect of
FSH, if the CL tested was of a suitable age.
The results indicate that the FSH receptor on human luteal cells
must be distinct from that of LH/HCG , as has been demonstrated in the
follicle. In follicles, with only one or two layers of granulosa cells,
the follicle cells possess receptors for FSH (Eshkol and Lunenfeld, 1972;
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Richards et al. 1976), while only the granulosa cells of large preovulatory
follicles also possess receptors for LH (Midgley, 1973; Ghanning and
Kammerman, 197^; Zeleznik et al. 197^5 Richards, Rao and Ireland, 1976).
However, the incubation experiments carried out for this study give no
information on whether FSH may he acting on the granulosa or theca lutein
cell, or "both, and indeed whether the cell cooperation hypothesis for
oestrogen synthesis applies (Armstrong and Dorrington, 1977). or whether
the theca lutein cell alone is responsible for oestradiol synthesis
(Younglai and Short, 1970; Ghanning and Coudert, 1976). Nevertheless,
the results do indicate that oestradiol synthesis by the human CL can be
controlled independently from that of progesterone, and this also agrees
with the results in the previous chapter that progesterone and oestradiol
content of GL peak at different stages of the luteal phase. Also, if
oestradiol is involved somehow in the luteolytic process then it may be
very important that the synthesis of the steroids can be independently
controlled, and it would be interesting to examine FSH and oestradiol
receptors during the luteal phase.
The distribution of oestradiol between the media and tissue
demonstrates that FSH, like HGG, increases both synthesis and secretion
by the same amount, thus, the proportion of steroid in the media and
tissue remains the same in control and stimulated incubations.
The dose-response curve for the ectopic CL shows a considerably
depressed level of responsiveness when compared to the GL recovered
during the menstrual cycle, but even they were not consistently responsive
to FSH. Overall, FSH had no significant effect on progesterone or
oestradiol synthesis in the GL recovered from ectopic pregnancy. This
may mean that by the time the CL were recovered from ectopic pregnancy,
the cells had become virtually depleted of FSH receptors. Again it
would be of interest to examine the FSH receptor content of CL recovered
from ectopic and normal intra-uterine pregnancies.
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All these points considered, it seems that the hypothesis by
Vande Wiele et al. (1970) that LH is the only gonadotrophin required
for luteal maintenance is over-simplistic, and that the other
gonadotrophins - FSH and prolactin - may also play important roles.
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CHAPTER 7
RESPONSIVENESS OF PORCINE LUTEAL TISSUE AND ISOLATED CELLS
RECOVERED AT DIFFERENT STAGES OF THE OESTROUS CYCLE.
Responsiveness of porcine luteal tissue and isolated cells recovered
at different stages of the oestrous cycle
INTRODUCTION
It was shown in Chapter k that short term incubations of porcine
luteal tissue responded to LH provided that the tissue used was obtained
at least 12 days after ovulation. It was then decided to examine porcine
luteal tissue from another stage of the luteal phase (6 days after
ovulation), in terms of progesterone synthesis and responsiveness to
gonadotrophins, and the availability of LH/HCG receptors.
Corner (1919) was "the first to describe that the pig corpus luteum
consisted of both granulosa and theca lutein cells, although little is
known of the function of each cell type. Thus, porcine luteal tissue
from different stages of the luteal phase was dissociated into isolated
cells, and both 'large' and 'small' cell populations examined to determine
their secretory role within the corpus luteum.
MATERIALS AND METHODS
Minced Tissue Incubations
Short term incubations of minced luteal tissue were carried out as
described in Chapter 4. Luteal tissue was obtained 6 or 12 days after
ovulation from pigs which had ovulated spontaneously, or had been induced
to do so with injections of PMSG or HCG. Hormones and additions were
also as described in Chapter k, and HCG was obtained from Sigma Chemical
Co., and added at various concentrations from 5 "to 50 iu •
Binding Studies
Aliquots of luteal tissue (50-100 mg) were frozen immediately
after mincing or after incubating for 3 h in media alone, media + HCG
(25 iu/ml) or media + testosterone (100 ng/ml). The tissue was stored
at -20°C after separation from the media by centrifugation at 100 g for
5 minutes. After thawing, the tissue was homogenized and vacant HGG
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receptors measured using the method described in Chapter 5 for human
luteal tissue.
A large amount of day 12 luteal tissue was frozen for subsequent
use to check cross reactivity of the binding. Inhibit!on_curves were
constructed by incubating 50 A1! volumes of this day 12 homogenate in
duplicate in the presence of\^^lj-HGG (100,000 cpm) and 20 pil buffer
or increasing concentrations of HCG (6.25-100 mu), bLH or pLH (0.065- 1 jag).
Non specific binding for each inhibition curve was estimated by incubating
duplicate amounts of homogenate with tracer and an excess of cold HCG
(50 iu), and subsequently determining the amount of label bound, and
subtracting this non-specific binding from the counts bound in all the
other incubations. Incubations were also carried out in the presence
of porcine prolactin and porcine FSH (0.5 and 1 jig). An aliquot of the
homogenate was removed for subsequent DNA estimation, and the amount of
HCG bound was calculated as described in Chapter 5* (Binding in the
presence of label alone was taken to be 100%.)
The hormones used in the studies were:- HGG and porcine FSH,
(Sigma Chemical Co.), porcine LH-LER-778-^ (0.5 NIH-LH-S1 units/mg)
bovine LH, NIH-LH-BIO (1.06 NIH-LH-S1 units/mg) and porcine prolactin
NIH-SP-162C.
Dissociated Cells
Several methods for dissociating cells were carried, out, and will
be described in turn.
After mincing and washing the tissue, 6 x 20 mg aliquots were
weighed into 50 ml flasks and duplicates incubated in either 20 ml of
0.25% collagenase (Type II) and 0.2% lima bean trypsin inhibitor, 20 ml
of 0.25% collagenase plus 0.1% trypsin or 0.25% collagenase plus 0.2%
hyaluronidase. All enzymes were obtained from Sigma Chemical Co. and
were made up immediately before use in Hanks balanced salt solution
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(without calcium and magnesium) containing 20 mM Hepes buffer. All
flasks were shaken in a water bath at 37°C for ^5 minutes and dissociation
of the tissue aided by gently drawing the media up and down a 5 ml syringe
approximately every 20 minutes. At the end of the dissociation period
the cell suspension was filtered through nylon gauze with pore size of
100 (Henry Simon Ltd.) and washed twice in 50 ml of Hanks balanced salt
solution. Cells were then collected by centrifugation at 100 g for
10 minutes. Cells were counted twice with a haemocytometer and viability
estimated by diluting the cell suspension 1:1 in a 0.5% solution of
trypan blue in Hanks balanced salt solution (Tennant, 196^). Numbers of
viable cells obtained from 1 gram of tissue were then calculated.
A comparison was also made between the cell yields from 2 x 20 mg
tissue in 20 ml of 0.25% collagenase plus 0.2% trypsin inhibitor or 20 ml
of 0.1% collagenase dispase (Bqhringer Chemicals Ltd.). Dissociation was
carried out for 1 hour and was again aided by drawing the media up and down
a syringe. The cells were then filtered and washed.
Total cell yield per gram of tissue was calculated and incubations
of 100,000 viable cells set up in 1 ml EMEM in clean glass scintillation
vials. Hormone treatments were added in quadruplicate (bLH only to the
cells dissociated from collagenase plus trypsin inhibitor), in the same
concentrations as were previously added to the minced tissue incubations.
After gassing with oxygen for 10 seconds and then sealing the tubes, the
cell suspensions were incubated for 3 hours in a shaking water bath.
At the end of the incubation period the cells were removed by centrifugation
at 100 g for 5 minutes and the media was frozen for subsequent estimation
of progesterone concentrations. The viability of the cells after
incubation was determined using the trypan blue exclusion test (see above).
An appropriate aliquot of the original cell suspension was frozen for
later measurement of the steroid level in the media before incubation.
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The time course of progesterone production by the dissociated cells
was obtained by removing two of the tubes eveiy hour and measuring the
progesterone level by radioimmunoassay.
Separation of Cells into Two Populations
The dissociated cells were separated into two different populations
according to the method of Lam, Furrer and Bruce (1970) as used by Loir
and Lanneau (197^) and modified by Lemon and Loir in 1977* This involved
the use of a 'Sta-Put' gravity sedimentation chamber (Johns Scientific Ltd.)
as illustrated in Fig. ^-1. The gradient makers and chamber were assembled
above a 'cool tray' and so the separation was carried out below room
temperature at 5~10°C.
The sedimentation chamber (siliconized, and contained 25 ml of fluid/
vertical mm) was filled with 50 ml of Hanks balanced salt solution (HBSS),
followed by the mixed cell suspension again in a volume of 50 ml. The
cell suspension usually consisted of 10-20 million luteal cells, plus
often many more red blood cells. Due to the relatively large size of
the luteal cells, they had to be loaded in a large volume into a large
chamber to prevent the streaming effect (Miller and Phillips, 19&9;
Miller, 1976). The Hanks balanced salt solution and the cell suspension
were loaded at a flow rate of approximately 5 ml/min, and followed by
1,000 ml of a linear gradient of 1-3% BSA (Type V, Sigma Chemical Co.) in
HBSS with 20 mM Hepes buffer already chilled to +4°C. The rate of flow
into the chamber was increased to 50 ml/min as the level rose above the
cone of the chamber. The cells were left to sediment in the chamber
for about Jj-5 min, and then 50 ml fractions collected from the base of the
chamber at a flow rate of 50 ml/min. The fractions were collected into
plastic tubes, centrifuge! for 30 min at 1000 g at 4°C, and the supernatant
discarded. The pellets were placed on ice, and an aliquot examined under
the microscope. Fractions containing the same cell types were pooled.
157
Figure 4l Diagram of the Sta-Put sedimentation apparatus. The
cell suspension was loaded into the cell chamber (c) and run into the
sedimentation chamber (A) . This was followed by a 1-3% BSA gradient
which was formed in the gradient chambers (B). A stainless steel
baffle in the entrance to the sedimentation chamber (d) helped to
prevent currents as the gradient was run into the chamber. At the
end of the sedimentation period the direction of the 3 way micro
metering valve (E) was changed, and the gradient and cells unloaded
through the botton of the chamber.
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These pooled fractions were then washed in 20 ml EMEM and resuspended in
2 ml of MEM. An aliquot of each cell type was counted twice using a
haemocytometer and viability was estimated using the trypan blue exclusion
test. Smears of each cell type were taken for later staining with
haematoxylin and eosin.
Incubations for 3 h of 20-50,000 cells of each type, plus a mixture
of both, were set up and gassed in 1 ml EMEM plus any appropriate hormone
additions as described for the minced tissue incubations. At the end of
the incubation period the cells were centrifuged and their viability was
estimated; the media was stored frozen.
Incubation of cells in 4% BSA followed by centrifugation was carried
out to check that neither had a detrimental effect on viability.
RESULTS
The responses of day 12 luteal tissue to various gonadotrophins have
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already been described in Chapter 4* However, as I-HCG was to be used
in the measurement of receptors, it had to be determined if pig tissue
would be responsive to HCG as well as bLH. The responses of one day 12
pig luteal tissue to various HCG concentrations is shown in Fig. 42, along
with the response of tissue from another pig to one concentration only
(10 iu/ml). The graphs show that HGG like bLH significantly increases
progesterone synthesis by tissue recovered on day 12.
\\ M
Luteal tissue from two,day 6 pigs was tested for its responsiveness
to the various hormones used in Chapter 4 as well as HCG , and the results
are presented in Table 14. There are no significant differences between
any of the incubated groups (Student's t test). The amount of
progesterone synthesized during the incubation period was considerable.
Table 15 is a summary of the amount ofjj^^lj-HCG bound to luteal
tissue recovered on days 6 and 12 of the cycle before and after incubation.
The amount of HCG bound is expressed as pg HCG bound per ^pg UNA. All tissue
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□ = non incubated
Q= control incubated
E3 = incubated + HCG
concentration of HCG (iu/ml)
Figure 42 Progesterone synthesis "by luteal tissue recovered 12 days
after ovulation in response to various doses of HCG - shown along the
horizontal axis. All treatments were carried out in quadruplicate,
and each bar represents the mean - lsem. Open bars represent non
incubated tissue, solid bars control incubated, and hatched bars
incubated + HOG .



































































































































Binding = pg HGG bound/jig DNA.
Each value is the mean of duplicate incubations.
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recovered 12 days after ovulation has the capacity to "bind HGG "both before
and after incubation, and shows that incubation does not markedly affect
the receptors. As expected, after incubation with HOG, this tissue no
longer has any vacant receptors, and no binding is measured. Incubation
with testosterone also seems to suppress subsequent HGG binding. Tissue
recovered 6 days after ovulation has very little ability to bind HGG , and
any binding was measured only in one pair of incubations and not in the
replicate. Inhibition curves and cross reactivity of the HGG binding
are shown in Fig. 43. HGG, bLH and pLH all compete for binding with HGG,
but porcine prolactin and FSH do not.
The cell yields and viabilities from the initial set of enzyme
incubations of collagenase based mixtures are shown in Table 16. The
results indicate that the presence of another enzyme along with collagenase
does not significantly increase the yield or viability, and that the
addition of trypsin inhibitor did not decrease the cell yield. Subsequent
incubation of the cells yielded from the collagenase and trypsin inhibitor
mixture with and without bLH resulted in. the progesterone productions in
Table 17. Progesterone production was enhanced (although not significantly)
by the presence of bLH.
Subsequently the enzyme preparation collagenase dispase became
available, and a comparison of the cell yield after the use of this
preparation or collagenase plus trypsin inhibitor produced the results
in Table 17. Progesterone production and responsiveness to bLH was also
examined (Table 17), and demonstrated the cells isolated with collagenase
dispase to be the more biosynthetically active and responsive. Table 18
shows the responses of collagenase dispase dissociated cells from tissue
obtained 12 days after ovulation (3 groups) and from two groups recovered
6 days after ovulation. The cells were tested with the same hormones
previously used for the minced tissue incubations. The responses of the
dissociated cells are the same as those seen in the minced tissue
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001 0-1 05 1 Jjg
amount of hormone added
Figure 43 Inhibition curves of [^^l)-H0G binding by Day 12 luteal
tissue. Solid circles represent binding in the presence of HGG (6.26-
100 mu) , open circles binding in the presence of bLH (0.065-1 jug) and
triangles binding in the presence of pLH (O.O65-I -Ug)• Squares
represent binding in the presence of porcine FSH or prolactin (50 and
100 mu). Each point is the mean of duplicate incubations.
16^
Table 16











viable cell 7,925,000 6,425,000 5,575,000
yield/g tissue - 450,000 - 350,000 - 400,000
% viability 72 - 5 75 - ^ 81-7












































































































































































































preparations, in that although the cells from day 6 luteal tissue
synthesize considerable amounts of progesterone, this synthesis is not
enhanced by gonadotrophins or cAMP. The progesterone production by
tissue recovered on day 12 is significantly enhanced by bLH or cAMP in
every case, and the presence of testosterone suppresses the response to
bLH.
HGG dose response curves from day 6 and 12 dissociated cells are
shown in Fig. showing progesterone production of the day 12 cells to
increase with the higher doses of HGG , while production by day 6 cells
remains fairly constant. A time curve for day 12 cells incubated with
and without bLH was also constructed. (Fig. ^5) •
The histological appearance of the dissociated cells stained with
haematoxylin and eosin is shown in Plate ih-. The plate clearly illustrates
the two cell types present. Measurements of the cells using a micro¬
meter and graticule showed the large cells to have a diameter of 30-50.
and the small cells to be 10-20 ji. There is no overlap in the size
ranges of the two cell types. The morphological appearance of the cells
was unchanged by the incubation period. Plate l^t- shows the two cell
populations after separation using the 'Sta-Put'. A virtually pure
population of small cells was obtained, but the large cell fraction was
usually contaminated with some small cells. Nevertheless, the percentage
of large cells in the population was always greatly enhanced when compared
to the original mixed cell populations which contained only 15-20% of
large cells. The viability of the large cells after separation and
incubation was always greater than 70%. The presence of 4% BSA or gentle
centrifugation of the cells was not found to affect either the recovery or
viability of the cells.
Some cells were lost during recovery from the 'Sta-Put', recovery
usually being between 50-80% of the original input. The remaining cells




= day 12 cells
• = day 6 cells
Figure ^4 Progesterone production "by day 6 and day 12 (2) cells in
response to increasing doses of HOG. Solid circles represent day 6
cells, and open circles and squares day 12 cells. Each point is the
mean * lsem of 3 replicate incubations.
169
• = control
Figure 45 Progesterone production in cell incubates removed at
different times. Solid circles represent control incubations, and
open circles incubations + bLH. Each point is the mean of two samples.
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PLATE 14
Dissociated porcine luteal cells stained with haematoxylin and eosin.
A. Original mixed cell population of "both large and small luteal
cells. Magnification x 35 •
B. Small cells after being separated. Note that no large cells are
present in the smear. Magnification x 35-
C. Higher power of the pure population of small luteal cells. Some
red blood cells can also be seen. Magnification x 140.
D. Preparation of large cells after separation. Some contaminating
small luteal cells can also be seen. Magnification x 35*
E. Higher power of the large luteal cells. Magnification x 140.
F. High power of large luteal cells. Note the granular appearance





discarded fractions of BSA. The large cells were generally recovered
from fractions 6-11, and the small cells from fractions 1^-18 (i.e.
the large cells sedimented more rapidly than the small, and the red
"blood cells and fibroblastic type cells were in the last fractions
collected).
The progesterone production and responsiveness by both cell types
from 6 day and 12 day (2 pigs) luteal tissue is summarized in Tables 19-
21. Again, the tissue recovered 6 days after ovulation is not
responsive, although the progesterone output is considerable, particularly
from the large cells. The small cells synthesize less progesterone,
while the mixed cells axe in between, and approximately half of the
order of production in Table 18. However, Tabley20 and 21 show all
cell types from 12 day corpora lutea to be responsive to gonadotrophins.
Again the large cells synthesize the most progesterone. The addition
of testosterone to the incubations suppressed the response of the cells
to bLH, and indeed even the control level of synthesis. The percentage
of large cells in the mixed and large cell incubations is increased by
a factor of J-k and although in Table 20 progesterone produced is
similarly increased, in Table 21 production is enhanced by a much greater
factor.
Each cell type was also examined for its ability to aromatize
androgens to oestradiol (oestradiol levels were undetectable unless
exogenous androgen was added) and the results summarized in Table 22.
The results consistently show the large cells to have the greatest
capacity to aromatize androgens to oestradiol, and this aromatization
to be unaffected by the addition of bLH or oFSH.
DISCUSSION
The results of the experiments using the minced luteal tissue clearly















































































































































































































































































Day 12 (l) mixed cell incuBations 2.33 - 0.23
(n = 4)
1.43 - 0.14 1.43 - 0.14
























Oestradiol Below detection unless androgen has Been added as a precursor.
*** p < .01 ** p < .025 (Student's t test).
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as to bLH and cAMP. The HGG concentration curve is particularly
convincing, and also demonstrates that it is quite reasonable to measure
after ovulation are not responsive to any of the added hormones - even
cAMP. However, this tissue is very synthetically active during the
incubation period, suggesting that day 6 tissue is already synthesizing
at its maximal rate and cannot be further stimulated, even by cAMP.
Tissue recovered from day 12 has a lower control biosynthetic rate and
thus can be stimulated by the addition of appropriate hormones. The
lack of responsiveness of the day 6 tissue was confirmed using the
dissociated cells, where once again the day 12 cells were stimulated.
The initial testing of various enzymatic combinations to dissociate
the luteal tissue showed that the yield was similar from all combinations.
The collagenase utilized was not highly purified, and so it was likely
that there would be trypsin present in the preparation. Trypsin has
been demonstrated to destroy gonadotrophin receptors (Ryan and Lee, 1976)
and thus trypsin inhibitor was included in one of the digestion mixtures
to minimize the damage to receptors. From the cell yields and viabilities
obtained it is obvious that trypsin inhibitor had little effect on cell
yield, and the cells dissociated by this treatment were subsequently
incubated. The presence of bLH in the media increased progesterone
synthesis (although not significantly so) as had been found using the
minced tissue. This suggested that some sort of receptor damage was
occurring during the dissociation process. However, the product
collagenase dispase subsequently became available and this was found to
result in a higher cell yield which remained viable during incubation,
while showing greater responsiveness to added gonadotrophins. Thus, the
collagenase dispase dissociation method was used for all subsequent
preparations of isolated cells.
binding Corpora lutea recovered 6 days
17?
Incu"bation of luteal cells recovered on day 12 produced the same
result as the minced tissue in that progesterone production was
significantly increased by the addition of bLH, but this stimulation was
prevented by the addition of androgen. FSH had no effect on the
steroidogenesis of these cells.
The difference in the results from tissue recovered on days 6 and
12 and also the effect of androgen led to the idea of examining the
availability of vacant HCG receptors at both stages of the luteal phase
and also after incubation in the presence of androgen. The binding
results of labelled HGG, confirmed the presence of vacant receptors in
day 12 tissue both before and after incubation. This result shows that
receptors are not affected by duration of culture. Incubation of the
tissue with HGG seemingly fills all of the vacant receptors and so
subsequently no binding of ^"^ij-HCG could be measured. In only three
single incubations was any binding measured to the day 6 tissue, i.e.
no binding was noted in the duplicate sample. Thus, day 6 tissue does
not appear to have a consistently measurable number of vacant receptors,
and this would be in accordance with the results that day 6 tissue shows
no responsiveness to added gonadotrophins. It seems that until around
12 days after ovulation the porcine CL is saturated with LH, and that
the receptors do not become vacant until around day 12. This also would
explain the in vivo findings that the CL is refractory to PG Fpa until
day 12 (Gleeson, 197^. Hallford et al. 1975; Moeljono et al. 1976;
Lindloff et al. 1976), confirming the hypothesis proposed by Henderson
and McNatty (1977).
The results of these receptor studies also show that out of the
6 incubations of day 12 tissue, in the presence of testosterone, only three
showed low binding for HGG, and binding was undetectable in the other 3
incubations. Therefore, this could be an explanation for the inhibitory
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effect of testosterone on LH stimulation which was demonstrated both
in the minced tissue and in isolated cell incubations. In some way,
testosterone may have the ability to alter the HGG receptor, although
the possible mechanism makes it seem rather improbable.
Fortune and Hansel (1979) showed that oestradiol inhibited
progesterone accumulation by both theca and granulosa cells from
bovine follicles, and LH as a rule did not modify this effect. Leung,
Henderson and Armstrong (1979) also showed oestradiol to inhibit
progesterone production by rat granulosa cells in vitro and this effect
could be prevented by the presence of FSH, but not LH. Conflicting
results have been published with regard to stimulation (Armstrong and
Dorrington, 1976; Nimrod and Lindner, 1976; Hillier et al. 1977;
Lucky et al. 1977) and inhibition of progesterone synthesis (Thanki and
Channing, 1978; Williams and Marsh, 1978; Williams et al. 1979) tut
nevertheless there is little doubt that androgens play a major role in
the regulation of steroid secretion by ovarian cells. Their effect
may be dependent on their concentration, the cell types tested and the
maturity of these cells.
The results of the steroid production by the two isolated luteal
cell types again confirm that the day 12 cells are responsive to
gonadotrophins, while those from day 6 are not. It is the large
luteal cells which synthesize most of the progesterone, the smaller
cells being less active but still responsive to gonadotrophins and
cAMP.
The sizes of the two cell types obtained in this study (10-20
and 20-50^) would be consistent with the possibility of these cells
being the theca and granulosa cells of the CL (Corner, 1919)- It is
known that the granulosa cells of the follicle become transformed into
the granulosa lutein cells of the corpus luteum, and that these cells are
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responsible for progesterone production. Indeed, some glands consist
of predominantly granulosa cells, with no easily identifiable theca
lutein cells. This would support- the hypothesis that the large cells
are derived from granulosa cells, thus being responsible for most of the
progesterone production. The long term culture of dissociated luteal
cells in the form of a monolayer have failed since the large cells die
while the small ones grow into a monolayer (Henderson and Moon, 1979;
own unpublished observations). The death of the large cells is
accompanied by a steep decline in progesterone production, and indeed
even during the short term incubations it was generally the large cells
which showed lower viability. . A similar result was obtained by Lemon
and Loir (1977) who reported that the large cells synthesized most of
the progesterone. However, unlike their findingSjin this study the
oestradicl levels were undetectable in all cell incubations unless an
androgen precursor had been added, which is consistent with the previous
findings using minced tissue incubations (Chapter 4). Lemon and Loir
(1977) "superfused" cells from porcine corpora lutea of pregnancy, and
so this may account for the differing results. Incubations of the
cells with androgen indicate that the cells certainly have the enzymatic
capacity to aromatize the androgen precursor to oestradiol. The results
in Table 22 also suggest that the large cells have the greatest capacity
for aromatization and the results for the mixed cell population is
probably due to the presence of large cells within the mixture. Aroma¬
tization is not consistently stimulated by either LH or FSH. Histological
and electron microscopic studies on porcine CL (Chapter 3) have shown
the granulosa cells to be more synthetically active - i.e. by having a
large cytoplasm with many mitochondria, lipid droplets and smooth
endoplasmic reticulum.
180
These results are consistent with the two cell hypothesis proposed
by Armstrong and Dorrington (1977) in that it is the granulosa cells
which carry out the aromatization as well as synthesizing the
progesterone. If the levels had been detectable it would have been




STEROID PRODUCTION AND RESPONSIVENESS TO HORMONES BY
DISSOCIATED HUMAN LUTEAL CELLS
Steroid production and responsiveness to hormones by dissociated
human luteal cells
INTRODUCTION
The steroid production and responsiveness to various hormones by
fragments of luteal tissue have already been described in Chapters 5 and
6. The purpose of this investigation was to find the best method of
preparing a suspension of dissociated luteal cells which would result
in high viability steroid production and responsiveness to hormones.
The luteal cells were then separated into two populations (large and
small) and the biosynthetic capacity and responsiveness of each cell
type was examined.
MATERIALS AND METHODS
Human luteal tissue was recovered and dated according to the
method described in Chapter 4.
Various experiments were carried out to determine optimum
dissociation conditions, similar to those described for the porcine
tissue in Chapter ?• ' These were based initially on collagenase mixtures,
plus various other enzymes or possible membrane "strengtheners" (Warren
Glick and Nass, 1966). Graphs of cell yields after various times and
concentrations of enzymes were constructed, as well as graphs of steroid
production with increasing time. All incubations were carried out in
EMEM and viability was estimated by the trypan blue exclusion test.
Again after several experiments the product 'collagenase dispase'
(Boehringer Corp.) became available and a comparison of the cell yields
obtained from collagenase (0.25%) plus trypsin inhibitor (0.2%),
collagenase dispase (0.1%) and purified collagenase (0.2%) (Sigma Chemical
Co.) was carried out. 100 mg aliquots of minced washed tissue were
incubated and cells dissociated as described previously (Chapter 7) and
cell yield and viability were determined after 1 hour. Subsequently
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aliquots of 100,000 viable cells were set up as controls or with HGG or
cAMP. At the end of the incubation period the cells were removed by
centrifugation and the media assayed for progesterone (see Chapter 2).
A repeat comparison of the yields and a time curve were carried
out by counting the cell yields after 30, 60 or 90 minutes, and cell
incubations set up as controls or with HCG, cAMP or FSH. Dose response
curves to HFSH and HGG by cells dissociated from an early phase CL with
collagenase dispase were carried out by incubating triplicate tubes with
increasing doses of HGG (2-100 iu) and HFSH (2-100 mu).
Subsequently, another 5 corpora lutea were obtained (l early, 2 mid
and 2 late luteal phase) and after dissociation of the cells with
collagenase dispase incubations of 50,000 cells were set up and treated
with HGG or FSH. The remainder of the cells were then run into the
Sta-Put gradient system as described for the pig cells in Chapter 7i and
allowed to sediment for approximately one hour. Known numbers of human
cells were also incubated in HBSS or BSA in HBSS to check that BSA
and subsequent centrifugation had no detrimental effect on the cells.
After sedimentation the different cell populations, and also the mixed
cells, were set up in batches of 20-50,000 in 1 ml EMEM for a 3 hour
incubation period with HGG (10 iu/ml), HFSH (20 mu/ml), androstenedione
(100 ng/ml), androstenedione plus HGG and androstenedione plus HFSH.
Aliquots of the original cell mixtures were frozen for subsequent
determination of the steroid level present before incubation. Counts
were made of the percentage large cells in the cell mixture before and
after separation in each group. Smears of each cell group were made
and later stained with haematoxylin and eosin. Duplicate cell counts
of all groups were made by randomly counting 100 cells and calculating
the percentage of each cell type within the total population. At the
end of the incubation period the cells were removed from the media by
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centrifugation and the media stored frozen until radioimmunoassay for
progesterone, oestradiol and in some cases androstenedione was carried
out. As the androstenedione levels were below detection limits in
some of the incubations, media from several incubates had to be pooled
and extracted so that detectable levels of androstenedione could be
measured.
RESULTS
The cell yield after various enzyme treatments and addition of
factors which 'toughen membranes' are shown in Tables A2-8 in the
appendix. Steroid production in response to various hormones is also
included (Tables A6-9) as well as a collagenase concentration curve
(Fig.Al) and a time curve of cell yield from collagenase plus trypsin
inhibitor and collagenase plus hyaluronidase (Fig.K2). All these
results clearly show that addition of other enzymes along with
collagenase does not affect cell yield, and that optimal conditions for
dissociation with collagenase plus trypsin inhibitor were being utilized
(i.e. 0.25% collagenase for 45 minutes). Variation between cell yields
from different corpora lutea was attributed to the GL being recovered
at different stages of the luteal phase - early CL being easily
dissociated while those from the late luteal phase are more tough
and fibrous and tend to be more difficult to dissociate. Thus, cell
yield from incubations in 0.25% collagenase was used as a form of
internal standard. However, the cells recovered do not appear to be
very responsive to gonadotrophins (Tables 6 and 9 - appendix).
Tables 23-25 demonstrate that although purified collagenase
results in a very poor cell yield, the use of collagenase dispase
considerably enhances the cell yield and these cells are responsive to
HGG and FSH. The steroid output by the cells dissociated with
collagenase dispase is shown in Fig. 46 and dose response curves to HGG
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TABLE 23












% viability 82 93 55
% large cells 20 28 18
% viability
after incubation 75 86
not
incubated
pg progesterone/1000 cells/3 h
control 13.8 -1.3 21.3 - 2.5
+HCG (10 iu/ml) 17-5 - 2.5
-*-***
31.3 - 1-3
+cAMP (10 mM) 22.5 -2.5 51-3 1 7.5
**** p ^ .005. Cell numbers are the means of duplicate counts,
-i
and progesterone production the mean - sem of quadruplicate
incubations. (Student's t test)
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TABLE 24
Comparison of yields and viabilities from










60 min 12,500 20,300
90 min 12,000 24,300
% viability
30 min 85 81
60 min 86 87
90 min 86 93
% large cells
30 min 30 24
60 min 28 28
90 min 29 33
Cell numbers are the means of duplicate counts.
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TABLE 25
Steroid production and, responsiveness by dissociated
cells




notion pg/1000 cells/3 h
trypsin inhibitor






67.2 t 7.4 45.6 - 2.6
6.25 - 1.25






Each point is the mean - sem of triplicate incubations.
* p < .05 (Student'!s t test)
** p < .025
**** p < .005
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Figure k6 Time courses of progesterone and oestradiol production "by
cells dissociated with collagenase dispase (solid circles) and
collagenase + trypsin inhibitor (open circles). Each point is the
mean of duplicate incubations.
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and. FSH in Fig. 47. The percentage increase in progesterone synthesis
in response to HGG is much greater than that of oestradiol. In addition,
FSH appears to elicit only a slightly greater increase in oestradiol
than progesterone production.
The steroid production by the mixed and separated cell types is
summarized in Tables 26-28, along with the percentage large cells in
each preparation. A virtually 'pure' preparation of small cells was
obtained, while that of the large cells was contaminated with some small
cells. Nevertheless, large cells were present in much higher numbers
than in the mixed cell preparation. The progesterone production by
the original mixed cell suspension is considerably greater than from
the mixed cells after separation and re-aggregation. The dissociated
cells are shown in Plate 15 after separation. However, oestradiol
• production by the mixed cells is the same before and after separation
and recombination. Both progesterone and oestradiol synthesis by the
original mixed cells are significantly increased by the presence of HGG,
but FSH, although slightly enhancing oestradiol synthesis, does not
significantly increase synthesis of either steroid. The small cell
_ preparations are less synthetically active and are not stimulated by
HGG or FSH, except for androstenedione production which is increased by
HGG. However, it must be remembered that the media from the triplicate
incubations had to be pooled, and so only one sample of control and
stimulated incubation was available for each CL. The presence of
androstenedione significantly enhances both progesterone and oestradiol
synthesis by the small cells. The mixed cell population is significantly
stimulated by HGG in terms of progesterone and oestradiol synthesis,
and androstenedione enhances oestradiol synthesis. The large luteal
cells are the most synthetically active, and again are stimulated by HGG,
and oestradiol production by androstenedione.
189
Figure 47 Progesterone and oestradiol production "by cells from a
mid phase corpus luteum to increasing doses of HGG (solid circles) and














































































































































































































Dissociated human luteal cells stained with haematoxylin and eosin.
A. Small luteal cells after separation. Note that they are all
very dense staining. Magnification x 35*
B. Large luteal cells after separation. Some lighter staining
cytoplasm can be identified. Magnification x 35-
G. Higher power of small luteal cells. Again little cytoplasm can
be distinguished. Magnification x l'+O.
D. Higher power of the large luteal cells. Magnification x 1^0.
E. High power of small luteal cells. A small amount of cytoplasm
can be distinguished, but most of the cells consist of a dark
staining nucleus. Magnification x 350.
F. High power of large luteal cells. Some contaminating red blood
cells are also present. Paler staining cytoplasm can again be





Androstenedione production "by the cells is summarized in
Table 28. Production by the mixed cells, like oestradiol, is similar
both before and after incubation, and production by the original mixed
cell suspension is significantly increased by the presence of HCG .
Under conditions of control incubation (no hormones added) it is the
small cells which synthesize most androstenedione and large cells the
least, but the production by both cell types is significantly enhanced
by the presence of HGG. Androstenedione production by the cells from
these five corpora lutea is not significantly increased by FSH.
DISCUSSION
The tables and figures in the Appendix show collagenase plus
trypsin inhibitor to have been used under optimal conditions. The
trypsin inhibitor was included to prevent possible receptor damage by
trypsin contamination in the collagenase preparation. However, purified
collagenase resulted in a very poor cell yield, suggesting that the
presence of contaminating proteases aids cell dissociation. Factors
which may affect the strength of the membranes (Warren et al. 1966) were
found to have no effect on cell yield. The cells dissociated by
collagenase and trypsin inhibitor were not consistently responsive to
hormones, but it was subsequently found that the use of collagenase
dispase to dissociate the cells resulted in a higher cell yield and a
greater responsiveness to hormones (Table 25) and FSH significantly
stimulated oestradiol synthesis. The cells were found to respond to
increasing doses of HCG by enhanced progesterone and oestradiol synthesis.
FSH had a small stimulatory effect on progesterone synthesis, and a
rather variable effect on oestradiol production. Therefore, it seems
that the responses of the dissociated cells to FSH may be rather
inconsistent and sensitive.
The results from the mixed cell incubations before and after
19^
TABLE 28
























































* p < .05 ) Student's
** p < .025) t test
Each value is the mean - sem of pooled triplicate incubations from
5 corpora lutea. The percentage of large cells is the mean - sem
of duplicate counts of smears of cell from each GL.
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separation suggest that there is normally some form of synergism between
the two cell types in terms of progesterone synthesis and this synergism
is lost after separation and recombination. This increased progesterone
production when both cell types are present has also briefly been
reported by McNatty (1979)■ The small cells synthesized the lowest
amounts of progesterone and oestradiol and how androstenedione enhanced
progesterone production remains obscure. Nevertheless, the small cells
appear to have a limited capacity to aromatize androstenedione to oestra¬
diol, although some of this may have been carried out by the small
percentage of large cells present as a contaminant. Again, as for the
pig cells, the large human cells synthesize most of the progesterone and
oestradiol, and the production of both steroids is significantly stimulated
by HOG. If the large cells synthesize progesterone and aromatize
androgens to oestradiol as is the case in the follicle, without having
the capacity to synthesize androgens themselves (Fowler, Fox, Edwards,
Walters and Steptoe, 1978) then it is difficult to understand how HGG
can stimulate both progesterone and oestradiol synthesis unless cAMP
accelerates several aspects of the steroidogenic pathway, rather than
just one limiting step. However, Table 28 shows that both types of
luteal cells are capable of producing androstenedione, and indeed this
production by the large cells is stimulated by HGG. Thus, if the large
cells have the capacity to synthesize steroids from progesterone right
through to oestradiol, then it can be understood that HGG increases
biosynthesis right down the pathway by generating cAMP and increasing
the rate of conversion of cholesterol to pregnenolone (Marsh, 1976).
The finding that it is the large luteal cells which are responsible
for the production of most of the progesterone and oestradiol is difficult
to reconcile with the results in Chapter 5» that at certain stages of the
luteal phase oestradiol production alone can be stimulated by the presence
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of FSH. As stated previously, in the follicle the LH receptors are
initially situated solely on the theca cells with the FSH receptors on
the granulosa cells, hut as the granulosa cell 'matures' after prolonged
exposure to FSH and oestradiol-173. these cells also acquire LH
receptors (McNatty and Sawers, 1975)* Thus, as "both gonadotrophin
receptors are situated on the cell type responsible for most of the
progesterone and oestradiol synthesis, and binding of either gonadotrophin
stimulates cAMP levels (Kolena and Channing, 1972; Armstrong et al. 1976;
Marsh, 1976) the binding of either gonadotrophin should mimic the effect
of the other. FSH is unlikely to enhance oestradiol production by
stimulating androgen or oestradiol synthesis by theca cells since theca
cells have been shown to only have receptors for FSH (Richards and
Midgley, 1976). This problem is complicated by the fact that neither
the mixed or separated cells consistently responded significantly to FSH.
It is possible that the CL tested were not at responsive stages of the
cycle, or that the FSH receptors had been selectively damaged during
the dissociation process, leaving the HGG receptors intact.
Some clarification of this fsh stimulation could be made by an
autoradiographic study of fj hgg and [125i]-fsh binding to sections of
human corpora lutea throughout the luteal phase, and identifying the
different cell types that are labelled. Also, using the incubations
of tissue fragments it should be tested to determine whether oestradiol
production is increased by the addition of androstenedione or testosterone,
and if this axomatisation is further enhanced by the presence of fsh or
hgg. Comparisons should also be made between tissue fragments incubated
with hgg or fsh alone, and those incubated with hgg and fsh together,
to determine if oestradiol synthesis is stimulated by the presence of
both gonadotrophins. It would also be reasonable to divide the luteal
tissue into two aliquots, and use one part for tissue fragment incubation
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to test for the responsiveness to FSH, and use the rest of the tissue
to test responsiveness of mixed dissociated cells to FSH.
The sizes of the separated cells were found to he in the range
of 1^-18 for the small cells and 28-35 I1 for the large cells, and
these sizes are consistent with the small cells "being of theca origin
and the large cells to he granulosa (Crisp et al. 1970; Balhoni, 1977)*
Thus, the large cells are smaller than those isolated from porcine CL
(Chapter 7)> and there is sometimes some overlap between the size of
cells which could he regarded as 'large' or 'small'.
The small (possibly theca) lutein cells were found to synthesize
more androstenedione than progesterone or oestradiol, and HCG stimulated
androstenedione production. This indicates that the small cells have
HCG/LH receptors. Measurements of oestradiol production by the small
cells showed that they probably had the capacity for aromatization
(unless this was due to the few contaminating large cells) but this was
much more limited than the capacity of the large cells. Therefore,
in vivo the small theca cells may themselves produce small amounts of
oestradiol, but with some of the androstenedione produced by them being
aromatized to oestradiol by the large cells. The results for
androstenedione production also show the large cells to be active, and
so significant levels of oestradiol can be produced before addition
of the exogenous precursor. While androstenedione stimulated an
increase in oestradiol production by all cell types, the largest amount
of aromatization occurred in the large cells. This suggests that the
i
large cells could aromatize more androgen than was originally being
provided in vitro.
The original mixed cell suspension after dissociation of luteal
tissue was found to consist of approximately 15% large cells. It
should be established what the relative proportions of each cell type
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are in the intact corpus luteum, and if one cell type is more susceptible
to destruction during the dissociation procedure than the other. The
ratios of each cell type could be estimated by counts of each cell type
in serial sections of corpora lutea, and again it is possible that this
ratio may change during the luteal phase. However, if the small cells
appear to be present in vivo in the proportions found in the preparations
of dissociated cells, then it must be remembered that the separated cell
incubations were calculated per 1000 cells, and not based on the ratios
of the mixed cells. Thus the small cells may play a substantial part




The present studies support the proposition that the porcine
corpus luteum is autonomous, until around 12 days after ovulation.
This means that the preovulatory surge alone of LH is sufficient to
maintain the corpus luteum for up to 12 days, presumably by remaining
bound to the LH receptor, coupling to the adenylate cyclase system and
thus maintaining the progesterone production during the normal luteal
phase. Therefore at 6 days after ovulation, as was confirmed by these
studies, progesterone production would be unable to be further stimulated
as all the LH binding sites would still be occupied. The fact that
infusions of PG Fhave no effect in vivo before days 10-12 (Diehl and
Day, 1974; Hallford et al. 1975i Moeljono et al. 197&) also suggests
that the LH binding sites are occupied, particularly as Henderson and
McNatty (1977) put forward the hypothesis that PG F£a binds to the same
receptors as LH, thus preventing LH from binding. Thus the inability
to enhance progesterone production by day 6 luteal tissue with LH or
HGG was likely to be due to already occupied receptors rather than down
regulation desensitization of the cells. This lack of binding capacity
by the cells was confirmed by the binding studies in Chapter 7? which
demonstrated tissue recovered 12 days after ovulation to have vacant
receptors, whereas day 6 cells could bind no labelled HCG. This means
that LH dissociates from its receptors after about 10-12 days, and it
is well established that the dissociation of LH from its receptor is a
slow process taking several days (Catt, Tauruhara and Dufau, 1972;
Haour and Saxena, 1974). This dissociation then results in the presence
of vacant receptors and declining progesterone production, in turn
permitting steroidogenesis to be stimulated by the addition of exogenous
gonadotrophins. The amount of HGG bound per jxg DNA measured in the
day 12 tissue was considerably less than that bound by the human luteal
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tissue at all stages of the luteal phase, particularly the early and
mid luteal phases. This may be because the HGG binds more specifically
to human tissue, or perhaps if the ovaries had been removed from the
pigs a little later then higher binding may have been detected. In
fact, the binding by the porcine tissue was more akin to that measured
in human corpora lutea recovered from the very late luteal phase or
ectopic pregnancy (A.S. McNeilly, personal communication), where the
tissue had been exposed to continuous levels of HGG.
The incubation studies of porcine luteal tissue indicate that
without doubt HGG can bind to porcine LH receptors and stimulate
progesterone synthesis, showing that porcine luteal tissue can respond
to hormones of other than porcine origin. This stimulation of steroid¬
ogenesis is presumably mediated via adenyl cyclase and cAMP, as treatment
of the tissue with dibutyryl cAMP similarly enhanced progesterone production.
It also appears that the tissue recovered 6 days after ovulation was
synthesizing progesterone at is maximum capacity and this was a feature
of both the minced tissue and dissociated cell incubations. The fact
that even the addition of dibutyryl cAMP to the media did not affect
progesterone production by the day 6 tissue, and that bypassing the
hormone, receptor interaction cannot stimulate steroidogenesis any
further, suggests that steroidogenesis was already at its maximum.
The hypothesis proposed by Henderson and McNatty (1975) is that
LH binds to the regulatory unit of the receptor on the plasma membrane,
the intermediate coupler serves to transmit a signal, initiated by the
binding event to the catalytic site, resulting in the activation of
adenylate cyclase and an increase in the intracellular levels of cAMP.
PG F2a acts on the coupling component, either directly or indirectly
to prevent transmission of the signal required to activate the catalytic
site. Presumably then, when the binding site is already occupied by LH
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the catalytic site cannot "be further activated, and it is known that only
a fraction of these receptors need to he occupied to stimulate the
adenylate cyclase system maximally (Koch et al. 197^). It would he of
great interest to carry out further studies on day 6 and 12 luteal
tissue, and examine the effect of treatment with PG Fp^i an^- also PG Fpa
and HCG/LH on progesterone synthesis and HGG receptor availability.
When conception occurs in the sow, this dissociation of LH from
its receptors must either he prevented, or on dissociation he replaced
hy another LH-like substance to prevent PG F£a modifying the
receptors. Among the domestic species, an embryonic gonadotrophin has
been detected only in the mare (Allen and Moor, 1972). As discussed
previously, Perry et al. (1976) proposed that oestrogen produced hy the
blastocyst is not only luteotrophic, but also has an anti-luteolytic
role. Somehow, PG F£a is prevented from modifying the LH receptors,
and the corpus luteum is maintained throughout pregnancy.
From the in vitro incubations in this study it has become clear that
the porcine CL has the capacity to aromatize androgens to oestradiol, and
that this is carried out by the large, probably granulosa lutein cells.
Comparison of the aromatizing capacity of the large cells recovered from
both human and pig CL show that the porcine cells can have at least half
of aromatizing ability of the large human cells. However, oestradiol
production by the pig cells (and sometimes by fragments of luteal tissue)
was detectable only after the androgen precursor had been added, while
in the human, the oestradiol levels were merely enhanced by the presence
of additional precursor. Therefore it is logical that the lower levels
of oestradiol secreted by the porcine CL are due to smaller amounts of
androgen being synthesized possibly by the small theca lutein cells and
thus less androgen being available to the large lutein cells for
aromatization.
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At this point it is pertinent to discuss more fully the origin
and identification of each cell type. Certainly from the diameters
of the cells, they are consistent with the small cells being of
theca origin, and the large granulosa. In vivo, the small theca cells
tend to be rather spindle shaped and elongated, but on dissociation they
become more spherical in shape. It would certainly be of value to
obtain a differential stain which stained the granulosa and theca cells
differently - perhaps based on alkaline phosphatase or aromatase. Then,
a section of the intact corpus luteum could be stained (this would also
aid estimation of the ratio of each cell type, and clearly show
distribution of the cells), and the cell types could be stained after
dissociation and separation.
An EM study of the tissue before and after dissociation would
also be valuable, and provide much information as to the state of the
subcellular organelles, as well as intactness of the membranes. Since
studies on the follicle have shown FSH receptors to be present solely
on the granulosa cells (Richards and Midgley, 1976), autoradiography
with [125i]-fsh on early luteal phase corpora lutea would also confirm
identification of the granulosa cells. The cells could also be labelled
with fsh with a fluorescent label attached, and distribution of this tag
could be checked after dissociation and separation of the cells.
The fact that the separated cells of both species had differing
steroid production and responsiveness to gonadotrophins also suggests
that the cells have distinct origins. If the theca cells of the
corpus luteum are distributed around the periphery and along the septae,
then dissociation of the cells from the centre of the GL would be
expected to yield a much higher ratio of the large granulosa cells.
Also, as stated previously an estimation of the ratio of each cell type
in the gland before dissociation is vital, to permit the dissociated
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cell results to "be Interpreted at a physiological level.
Estimates of the percentage large and small cells in the original
cell suspensions of "both human and pig (Chapters 7 and 8) showed that
the original mixed cell suspensions in "both species lay between 15% to
20% of large cells. Therefore,the proportion of small cells was also
the same in "both species, and so differences in oestradiol and presumably
androgen production must be due to lower biosynthetic capacity of the
small cells in synthesizing androgens. To clarify this point further
experiments with the sepaxated cell types need to be repeated using
larger cell populations so that the levels of androgen synthesized are
present in measurable quantities. Certainly, the oestradiol synthesis
in the presence of androgen clearly demonstrates that it is the large,
granulosa cells, in both the pig and the human which aromatize most
effectively. It is now clear that it is not the small (theca) cells
which are solely responsible for oestradiol production, as was originally
proposed by Short (1962) and Charming (1969). Indeed, the few androgen
results from the human CL indicate that the small cells are at least as
effective as the large cells in synthesizing androgens.
Ovulation and subsequent luteinization result in a decline in the
aromatizing ability of the granulosa cells (Henderson and Moon, 1979)1
but nevertheless it is possible that the cells maintain their same role
as in the follicle, in that the theca cells may produce much of the
androgen which is then aromatized by the granulosa cells to oestradiol
(Bjersing and Cartensen, 1^6k; Younglai, 1973; Makris and Ryan, 1975;
Tsang et al. 1979)* This is in keeping with the 'two cell' hypothesis
proposed by Armstrong and Dorrington (1977)• Although the present
studies confirm progesterone and androgen synthesis to be under the
control of HCG/LH, and oestradiol in certain ages of tissue to be
influenced by FSH as well as HCG, in the separated cell studies no direct
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evidence was obtained which showed FSH to play a direct role in
aromatization. For the porcine tissue, this may he because the ovine
FSH used was not specific enough for the porcine cells (although it has
been shown that both human and bovine hormones could stimulate
progesterone production by the cells), or it may be that the
concentration at which it was tested was insufficient to have an effect.
Even the oestradiol production by the fragments of luteal tissue
recovered 6 days after ovulation was not stimulated by FSH.
In contrast, oestradiol production by fragments of human luteal
tissue was found to be stimulated by human FSH (20 mu/ml) during the
early and mid luteal phases, but not during the late luteal phase or
in ectopic pregnancy. It would be of interest to re-examine the
responses of the early and mid luteal tissue to HGG and FSH added
sitaultaneously. The fact that progesterone production was not enhanced
by FSH indicates that FSH is stimulating steroidogenesis at a point
past progesterone in the metabolic pathway, most likely at the
aromatization step. Therefore, the addition of both HGG and FSH to
the incubations would be expected to further enhance oestradiol synthesis
above that produced in response to one gonadotrophin. It would also
have been useful to have measured the influence of the gonadotrophins
on androgen synthesis by the fragments of luteal tissue, particularly
since the dissociated cells produced androstenedione in response .to
BGG» It is known that the synthesis of progesterone in luteal
tissue is stimulated at the step of conversion of cholesterol to
progesterone (Hall and Koritz, 1965; Armstrong, 1968). HGG stimulates
steroidogenesis at the beginning of the pathway, and the synthesis of
all the following products is also increased. The lack of response
to FSH by dissociated human luteal cells is not due to lack of a
suitable precursor, because even when excess androstenedione was added
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FSH still did. not influence aromatization. This suggests that the
responsiveness of the human corpus luteum to FSH is limited and
sensitive, and indeed the function of the oestradiol stimulation by
FSH is unknown. Measurements of receptors in human corpora lutea
have shown only approximately 25% of the 45 corpora lutea tested to
bind FSH - and these were predominantly those recovered during the
early luteal phase, when luteal fragments were found to be the most
responsive to FSH in vitro (A.S. McNeilly, personal communication).
The finding of a lack of binding and responsiveness to FSH during the
late luteal phase makes it less probable that if oestrogen is luteolytic
in the human it is under the control of FSH.
The presence of exogenous androstenedione in the media of the
separated human 'cells had no effect on progesterone production by the
mixed or large cells, but significantly enhanced progesterone production
by the small cells. The mechanism of this remains unclear. The fact
that testosterone inhibited the responsiveness of the porcine luteal
tissue to gonadotrophins illustrates how complex this area of research
is, and makes interpretation and mechanism of action difficult to
comprehend. There is also the question as to whether androgens are
acting after being aromatized to oestradiol, and this question could be
answered for the porcine luteal tissue by incubation in the presence of
gonadotrophin and a non-aromatizable androgen such as dihydrotestosterone.
Hillier, Knazek and Ross (1978) who reported androgen to stimulate
progesterone production by granulosa cells from rat follicles also
showed this stimulation by androgen to be a specific receptor mediated
event which is modulated by the presence of oestrogen in vitro.
Oestradiol stimulation of progesterone production by porcine granulosa
cells in culture was found to be inhibited by cycloheximide, suggesting
that protein synthesis is required for its effect (Goldenberg et al. 1972).
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It may "be that the effect of the androgen is determined "by the ratio
of androgen:oestrogen, and. thus both stimulation and inhibition by the
same concentration of androgen could, be observed. The role played by
androgens/oestrogens in modulating the response of the tissue to gonad-
otrophins in women is particularly relevant in view of oestrogen being
able to cause luteolysis in the human (Gore et al. 1973; Vahapassi and
Adlercreutz, 1975; Garner and Armstrong, 1977; Williams et al. 1979)
and also the androgen production in the human comes not only from the
follicular and luteal tissue, but also the interstitial cells make
a substantial contribution (Baird, Burger, Heavon-Jones and Scaramuzzi,
197*0 • All of the in vitro and in vivo studies so far carried out have
established beyond doubt that androgens can directly affect ovarian
function.
The preliminary receptor measurements on the porcine luteal tissue
(Chapter 7) indicated that the presence of testosterone can alter the
availability of the LH/HCG receptor and this is a feature which should
also be further investigated, along with the effect of oestradiol and
non aromatizable androgens. Schreiber (1979) has demonstrated the
presence of cytosol and nuclear androgen receptors in rat granulosa cells.
In the case of prolactin, little light has been shed on its function
in luteal regulation by the experiments in Chapter 5> except that it can
enhance the responsiveness of the tissue to HGG: prolactin alone had no
effect on steroidogenesis. Increased responsiveness to HGG in the
presence of prolactin was not detected during the mid luteal phase, and
this is the time when most vacant HGG receptors are available. Thus,
the presence of prolactin during the early and late luteal phase may
help to maintain the LH/HCG receptor, as has been reported in the rat
(Holt et al. 1976; Richards and Williams, 1976).
From the studies on the corpora lutea recovered from ectopic
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pregnancy it is clear that they are not highly synthetically active or
responsive to gonadotrophins, and it is possible that the tissue has
become desensitized to HGG. Nevertheless, it is interesting that the
human GL of pregnancy continues to secrete progesterone until term
(Mikhail and Allen, 1967; LeMaire, Conly, Moffett, Spellacy, Cleveland
and Savard, 1971) and remains responsive to HGG, despite the fact that
high levels of HGG have been circulating throughout pregnancy.
Porcine and human corpora lutea therefore differ in that after
the LH surge the porcine GL is autonomous and needs no further luteotrophic
support until near the end of the luteal phase. Until this time all
the LH receptors remain occupied and do not become vacant until just
before the CL are caused to regress by the production of prostaglandin
Fpa "the uterus, or are maintained by the blastocyst (possibly mediated
by oestrogen). Porcine luteal tissue has the capacity to synthesize
oestradiol, but without the addition of exogenous androgen this
production is very limited. The large luteal cells are the most
synthetically active and responsive to gonadotrophins in terms of
oestradiol and progesterone synthesis.
In contrast, there are vacant HGG receptors in human luteal tissue
at all stages of the luteal phase, and in vivo the human corpus luteum
requires the continuous support of LH. It also appears that prolactin
and FSH may play roles in GL maintenance, particularly during the early
luteal phase. There are most vacant HGG receptors during the mid luteal
phase, which is also the stage at which the tissue is less responsive
to HGG in vitro. As for the porcine tissue, the large cells are
responsible for most of the progesterone production and aromatization,
and are the most responsive to HGG (see Fig. 48).
It must be remembered that synergism between the two cell types
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Figure *4-8
* = only for tissue recovered 12 days after ovulation, not 6.
+ = significant stimulatory effect.
- = no significant effect.
- - - -0 = minimal production
$> = substantial production.
t> = some production.
progesteroneAd = androstenedione, E£ = oestradiol-173, P4
t = testosterone.
There is also some evidence for synergism "between the two cell types
in terms of progesterone synthesis.
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contributions from the surrounding interstitial tissue and developing
follicles. This is illustrated by the decline in progesterone
production after separation and recombination of the cells. The
cellular contacts and gap junctions will have been destroyed by the
enzymatic digestion employed to dissociate the cells. Recent reports
that analogues of LHRH can inhibit HCG binding to rat luteal cells,
inhibit progesterone production in response to HCG (Clayton, Harwood
and Catt, 1979) and also inhibit steroidogenesis induced by FSH in
granulosa cells (Hsueh and Erickson, 1979) show that there is still
much to be determined about the control of the corpus luteum.
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APPENDIX
005 0-1 0-2 0-3
% collagenase (w/v)
Figure 1 Cell yield from an early luteal phase human corpus luteum
dissociated with increasing concentrations of collagenase in Hanks
"balanced salt solution without magnesium and calcium. Each point is
the mean of duplicate counts of duplicate incubations.
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Figure 2 Graph of cells dissociated at various times from a mid
phase human corpus luteum with 0.25% collagenase + 0.2% trypsin
inhibitor (solid circles) or 0.25% collagenase + 0.2% hyaluronidase
(open circles). Each point is the mean - sem of triplicate incubations.
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APPENDIX TABLE 1
Analysis of Variance Table
Age of
CL












































* None of F values significant at 5% level.
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TABLE 2











Each value is the mean from duplicate counts from duplicate incubations.
• TABLE 3











0.25% collagenase 49 75 78
+0.02% EDTA 22 20 60
" +0.1% trypsin 50 80 95
" +0.1% trypsin
inhibitor 50 69 85
" +0.2% hyaluronidase 53 68 88
" + 0.1% trypsin
+ 0.1% trypsin inhibitor 39 65 75
Each value is the mean of duplicate counts from duplicate incubations.
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TABLE 4











0.2% hyaluronidase 54 61 59
" + 0.02% EDTA 45 44 29
0.25% collagenase 148 82 83
0.1% collagenase 130 85 80
0.1% pronase 124 88 80
Each value is the mean of duplicate counts of duplicate incubations.
TABLE 5
Numbers of viable cells after incubation
No. of viable cells
added/ml EMEM
No. of viable cells
counted after 3 h
incubation











*insufficient cells to be counted, until they were spun down and
resuspended in 0.1 ml EMEM. 4 replicate incubations of cells
were counted, and each value is the mean - sem.
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TABLE 6
Responses of dissociated cells from a late phase CL to
HGG and cAMP. The cells were dissociated with 0.25% collagenase
and. 0.2% trypsin inhibitor
















** p <.025 All values are the mean - sem of triplicate
*** P< .005 incubations.
TABLE 7
Effect of "membrane strengtheners" on cell yield and viability
on cells from a late phase CL
0.25% collagenase + 0.2% trypsin






+ 1 mM ZnCl£ 111 31
+ 40 mM tris 106 87
+ 1 mM CaSOjj, 118 63
5% sucrose + 0.02% EGTA 47 66
Each value is the mean of duplicate counts.
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TABLE 8
Effect of "membrane strengtheners" on cell yield and viability
on cells from a mid phase GL
0.25% collagenase + 0.2% trypsin






+ 1 mM ZnCl2 105 68
+ 1 mM CaSO^ 75 72
+ 40 mM tris 65 79
+2% BSA 80 87
Each value is the mean of duplicate counts.
TABLE 9
Responses of dissociated cells from a mid phase CL.
The cells were dissociated with 0.25% collagenase +
0.2% trypsin inhibitor
























**** p < .005.
Each point is the mean - sem of duplicate incubations.
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PUBLICATIONS
The following publications are being prepared in connection with
this thesis:-
Hunter, M.G. and Baker, T.G. (1980). FSH stimulates oestradiol
production by the human corpus luteum.
Hunter, M.G. (I98O). Responsiveness in vitro of porcine luteal tissue
recovered at different stages of the luteal phase.
Hunter, M.G. (1980). Comparison of methods of dissociating human and
porcine luteal tissue.
Hunter, M.G. and Mortimer, D. (I98O). Evaluation of porcine corpora
lutea during organ culture - an ultrastructural and hormonal
assessment.
McNeilly, A.S., Hunter, M .G ., Land, R.B. and Fraser, H.M. (1980).
Induction of ovulation and luteal function in anoestrus ewes.
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